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INTRODUCTION 


Tue Tularosa Basin of southern New Mexico is an ideal situation for study- 
ing the relationships of mammals to their environment. This desert, virtu- 
ally isolated on three sides by mountains or hills, is an area of a few hundred 
square miles containing extensive nearly white gypsum dunes and a large 
bed of dark lava, in addition to the characteristic ecological associations of 
the Chihuahuan Desert. 

The unique characters of the Tularosa Basin have drawn the attention 
of several plant and animal ecologists. Ruthven (1907) studied the eco- 
logical distribution of the reptiles and amphibians of the basin and named 
most of the important ecological associations. He was the first to point out, 
in the lizards, the tendency of some species of animals of the White Sands 
to be lighter in color than those in near-by desert regions. MacDougal 
(1908) reported on the general plant ecology of the White Sands. Dice 
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(1930) made a preliminary survey of the ecological distribution of the mam- 
mals of the basin and adjacent mountains. His discovery of an endemic, 
pale race of mammals on the White Sands and two endemic dark races on 
the lava bed (Dice, 1929) stimulated further work in these interesting areas. 
Bradt (1932) studied the mammals of the lava bed, Benson (1932, 1933) 
made an excellent and extensive study of the color of the mammals of the 
White Sands and dark lava bed, and Emerson (1935) made a reconnaissance 
study of the plant ecology of the White Sands. 

I spent October, November, and a part of December, 1938, trapping 
breeding stocks of Peromyscus in the Tularosa Basin. Extensive trapping 
in several ecological associations resulted in an increase in the number of 
species of mammals known to inhabit several of the associations and added 
to our knowledge of the relative abundance of the several species. In 
March, April, and May, 1940, an intensive study of small mammal popula- 
tions in the mesquite association was made, and a short time was spent 
investigating other associations. An annotated list of the mammals of the 
Tularosa Basin (Blair, 1941a) gives the locality data on which the present 
report is based. 

These intensive investigations have resulted in the accumulation of more 
knowledge about the ecological distribution of the mammals of the Tularosa 
Basin than is available for any other desert area in North America. Much 
remains to be done in the study of the Tularosa Basin, particularly on the 
White Sands. Nevertheless, the data now available afford a rather compre- 
hensive picture of mammalian distribution in the Tularosa Basin. 
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ECOLOGICAL ASSOCIATIONS 


An ecological association, as here defined, includes all of the plants and 
animals occurring together in a relatively stable environment. The mam- 
mals are, however, the only animal constituents treated in the present report. 
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There are four ecological associations on the desert plain of the Tularosa 
Basin. The creosote bush, mesquite, and atripléex associations occupy broad 
belts lying parallel to the mountain front and are encountered in that order 
as one proceeds from the base of the mountains to the center of the basin. 
The grassy wash association cuts across the other associations of the desert 
plain. The malpais lava bed has been described as one ecological associa- 
tion. Four associations are recognized in the White Sands. Several iso- 
lated, rocky buttes in the Tularosa Basin are not considered here, because 
no study has been made of their ecological associations. 

In the treatment of individual associations an estimate of the average 
abundance of each species of mammal, based on my records and those of 
previous investigators, is given by means of a numerical scale- containing 
five classes. These classes are: I (rare), II (few), III (intermediate in 
abundance), IV (common), and V (abundant). Classification of a species 
in a given association in one of these groups indicates its relative abundance 
as compared to its abundance and the abundance of other species in the 
other associations of the Tularosa Basin. 

The estimated order of relative abundance of the mammals in each eco- 
logical association is given in the associational list of species. The species 
that is believed to be the most abundant one in the association heads the 
list. The other species follow in the probable order of their relative 
abundance. 

The taxonomic arrangement of the mammals has been treated in a previ- 
ous report (Blair, 1941a). Nomenclature of the plants, except grasses, is 
based on Wooton and Standley (1915), except for known changes. For the 
grasses, Hitchcock (1935) is used as an authority. 


Creosote Bush Association 


Mammals Abundance 
Perognathus penicillatus eremicus V 
Dipodomys merriamt ambiguus IV 
Lepus californicus texianus III 
Sylvilagus audubonit minor II 
Onychomys torridus torridus II 
Neotoma micropus canescens It 
Thomomys baileyi tularosae II (local) 


Peromyscus maniculatus blandus I 
Dipodomys ordti ordi I 
Citellus variegatus grammurus iit 
Peromyscus truei truet I 
Canis latrans subsp. I 


The creosote bush association was named and figured by Ruthven (1907), 
who studied it on the ‘alluvial slopes east of Alamogordo.’’ Dice (1980) 
collected mammals in it near Alamogordo (Map 1). I trapped in this asso- 
ciation about three miles north of Tularosa from October 8 to 12, 1938 (ap- 
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proximately 2000 trap nights). Pocket gophers were trapped in this asso- 
ciation about two miles north of Alamogordo on February 29, 1940. 
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The creosote bush association occupies the alluvial slopes along the base 

of the Sacramento Mountains in the Tularosa Basin. Therefore, there is a 
more or less continuous belt of this association, often several miles wide 
? 
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which is bounded on the one side by the associations of the lower mountain 
slopes and on the other by the mesquite association. The creosote bush 
(Larrea tridentata) characterizes this association, and so far outnumbers 
other species of plants that they are scarcely noticeable. Herbs are, for the 
most part, conspicuously absent. Dice mentioned a small mustard as 
numerous in early July. The creosote bushes are generally separated by 
barren soil. Scattered mesquites (Prosopis glandulosa) occur in the asso- 
ciation. Ina few places creosote bush and mesquite are present in approxi- 
mately equal abundance, but, usually, the creosote bush and mesquite asso- 
ciations are sharply defined. 

The soil of the creosote bush association is highly variable in texture and 
color. Coarse sand predominates in many places, and in general the soil 
particles are coarser than they are in the mesquite association. Near the 
upper limits of the association, small rock fragments in some places litter 
the surface of the soil. The soil varies from dark red to light gray. 

Two of the species of mammals recorded from the creosote bush associa- 
tion, Citellus variegatus and Peromyscus truei, are mostly limited to the 
rocky associations of the near-by mountain slopes and occur only rarely 
(class I) in the creosote bush association. All other mammals recorded 
from this association are of species that range widely through the desert 
associations of the Tularosa Basin. One species, Thomomys baileyt, is pres- 
ent in seattered, local colonies in the creosote bush, mesquite, and atriplex 
associations. The others, with the exception of Perognathus penicillatus 
and Dipodomys merriami, were notably scarcer in the creosote bush associa- 
tion in 1938 than they were in the mesquite association. The two exceptions 
to this rule (Perognathus, class V, and Dipodomys, class IV) made up the 
greatest bulk of the population of the creosote bush association in 1938. 

Three species, Neotoma micropus, Peromyscus maniculatus, and Dipo- 
domys ordit, were remarkably scarcer here than in the mesquite association. 
The difference in mammalian abundance in the two associations possibly is 
due in part to differences in the amount of available food. The mesquite 
plant, in some form or another, affords a food supply throughout the year. 
_ The creosote bush apparently furnishes food for the small mammals only 
in the form of seeds. Except when the autumn crop of creosote bush seeds 
is available, food for small rodents must be scarce in this association. 


Mesquite Association 


Mammals Abundance 
Dipodomys merriami ambiguus iV 
Dipodomys ordti ordit V 
Perognathus penicillatus eremicus V 
Peromyscus maniculatus, blandus V 
Neotoma micropus canescens IV 
Onychomys torridus torridus Heth 


Citellus spilosoma major III 
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Mammals Abundance 
Sylvilagus audubonii minor III 
Lepus californicus texianus AOL 
Peromyscus leucopus tornillo ITI 
Onychomys leucogaster ruidosae iil 
Thomomys baileyi tularosae II (local) 
Reithrodontomys megalotis megalotis II (local) 
Peromyscus eremicus eremicus 1 
Sigmodon hispidus berlandiert £ 
Perognathus flavus flavus I 
Neotoma albigula albigula I 
Mus musculus i 
Cynomys ludovicianus I (local) 
Citellus variegatus grammurus ali 
Canis latrans subsp. I 
Odocoileus sp. I 
Lynx sp. I 


Ruthven (1907) first named and described the mesquite association in 
the vicinity of Alamogordo. Dice (1930) studied its mammals near Alamo- 
gordo, and Benson (1933) collected mammals in an area of mesquite on red 
sand near Escondida. In 1938, I trapped mammals in this association 
about three to four miles south of Alamogordo from October 11 to 20 and 
from October 23 to 30, a total of approximately 7000 trap nights. An area 
of mesquite association on quartz sand about thirteen miles west of Tularosa 
was trapped on October 3 and from November 5 to 15, a total of approxi- 
mately 4000 trap nights. An intensive study was made of the small mam- 
mal population on selected plots in the mesquite association about three 
miles south of Alamogordo from March 4 to May 24, 1940. These studies 
have provided more information about the mammals than is available for 
the mammals of any other association of the region, not excluding the more 
spectacular malpais lava and White Sands associations. 

The mesquite association is markedly different at each of the three places 
it has been studied: near Alamogordo, where Dice and I worked; on the 
quartz sands, where I trapped; and on the red sands near Escondida, where 
Benson collected. 

Near Alamogordo, the mesquite achieves a more luxuriant growth than 
anywhere else in the Tularosa Basin. Over an area of several square miles, 
lying in a strip between the creosote bush association and the atriplex asso- 
ciation, the mesquite is the most abundant and the most conspicuous plant. 
The mesquite so dominates this association that all of the other plants could 
be removed without altering materially the appearance of the vegetation. 
The habit of growth of the mesquite varies greatly in this area. Some mes- 
quites constitute small trees ten to fifteen feet in height, others form dense 
shrubby masses of varying heights, and yet others comprise extensive areas 
of closely spaced, short, relatively straight mesquite stems, usually less than 
two feet in height. The spacing of the mesquite bushes and clumps of 
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bushes is highly variable. In some places more or less open thickets are 
formed. In most sections, however, extensive areas of barren soil intervene 
between the mesquites. A few scattered shrubs of other species, notably 
crucifixion thorn (Koeberlinia spinosa) and atriplex (Atriplex canescens) 
are present. Herbs are scarce. In April and May of 1940, Lepidium alys- 
soides was the most abundant herb. Four others, Astragalus nuttallianus, 
Verbena wrightu, Gilia pumila, and Sophia species, were scarce and local. 
The soil is relatively fine and predominantly grayish. Wind-blown sand and 
dust have accumulated around many of the mesquite clumps and built up 
mounds from a few inches to two or three feet high. Some of the mesquite 
clumps are without such mounds. 

The area of mesquite association in the quartz sand region about thirteen 
miles west of Tularosa is very limited in extent. It covers at most one or 
two square miles. The mesquite clumps are much smaller and generally 
more scattered than near Alamogordo. Atriplex also occurs here. The soil 
is very fine and considerably gypseous. The surface of the soil is thinly 
crusted, due to the presence of gypsum, and is light gray. There is a slight 
accumulation of black alkali in some places. 

The mesquite area trapped by Benson near Escondida is part of an ex- 
tensive area of mesquite that extends south to Texas and nearly across the 
central Tularosa Basin on well-developed dunes of light red or orange sand. 
This area comprises several hundred square miles and is the largest unit of 
mesquite association in the basin. The mesquites grow extensively over the 
tops of the dunes. Grass and other herbs are more abundant than in the 
other areas of mesquite in the Tularosa Basin. No study of the vegetation 
of these dunes has been made. Benson reported that Gilia longiflora was 
an important food item in October and the only common annual in bloom at 
that time. The sand dunes of this association and the greater abundance 
of herbs distinguish it from the mesquite association near Alamogordo and 
west of Tularosa. Possibly it should be recognized as a distinct associa- 
tion, but until a more detailed study can be made it is convenient to include 
it in the mesquite association. 

Twenty-two species of mammals have been recorded from the mesquite 
association, and one other species is reported to occur there. In this asso- 
ciation, as represented at Alamogordo, five species account for the bulk of 
the mammalian population. These are Dipodomys merriami, Dipodomys 
ordii, Perognathus penicillatus, Peromyscus maniculatus (all class V), and 
Neotoma micropus (class IV). Five species (from Onychomys torridus 
through Peromyscus leucopus in the list at the beginning of the section ) 
are considerably less abundant (class III) in the mesquite association than 
the above mentioned ones. All but one of these are widely distributed in 
the ecological associations of the basin, and are not numerous in any 
of them. The fifth species, Peromyscus leucopus, is mostly a constituent of 
the grassy wash association, where it ranks in class V. 


8 W. FRANK BLAIR 


Thirteen species of mammals are rare or local in occurrence in the mes- 
quite association. Of these, Thomomys baileyi is present in colonies of 
considerable size, but the colonies are scarce. Another, Reithrodontomys 
megalotis, apparently is unevenly distributed or sporadic in the mesquite 
association, for, although Dice recorded thirty specimens taken in 1927, I 
caught none in two seasons of extensive work. This species becomes 
abundant (class V) in the grassy wash association. One species, Sigmodon 
hispidus, is largely restricted to the grassy wash association, where it is 
common (class IV). Two rare species of the mesquite association, Perog- 
nathus flavus and Cynomys ludovicianus, are relatively rare (class I or IL) 
in all of the associations of the basin. The former is more abundant in the 
erassy wash (class II) than in the mesquite association (class I), and the 
latter has been partly destroyed by poisoning operations. 

Three species that occur rarely or sporadically in the mesquite associa- 
tion are largely restricted to the rocky associations of the mountain slopes. 
One of the three, Peromyscus eremicus, was taken in the mesquite associa- 
tion in the fall of 1938, but it was not found there in the spring of 1940. 
Another, Neotoma albigula, was trapped there in 1940, but not in 1938. 
Dice found the third species, Citellus variegatus, to be scarce in the mesquite 
association in 1927, and I did not observe it there. Tracks of Odocoileus 
species were observed once in the mesquite association in the spring of 1940. 
The last species in-the mesquite association list (Lynx species) was recorded 
by Dice as being reported to oecur in the association. 

The mesquite association about thirteen miles west of Tularosa was occu- 
pied by the species of mammals that were commonest in the same association 
near Alamogordo. Small mammals, however, were scarcer than they were in 
the Alamogordo mesquite. Three species, Dipodomys merriami, Dipodomys 
ordu, and Peromyscus maniculatus, made up the bulk of the small mammal 
population. Two species, Perognathus penicillatus and Neotoma micropus, 
were much scarcer at this station than at Alamogordo. Lepus californicus 
appeared to be about as plentiful as at Alamogordo. Peromyscus leucopus 
was scarce, for only one individual was caught. Only Peromyscus eremicus 
of the four characteristic mountain slope species recorded from the same 
association at Alamogordo was taken at this station. Although fewer 
species were recorded at this station than at Alamogordo, more extended 
trapping probably would reveal the presence of other rare species in this 
association. The sparse distribution and small size of the mesquite clumps 
probably accounts, in part at least, for the small mammals being scarcer 
here than in the Alamogordo mesquite. 

The results of Benson’s trapping in the mesquite association on the 
Escondida red sands point to marked differences from the other areas of 
mesquite association in the proportions of the several species recorded there. 
Dipodomys ordu apparently was the most abundant small mammal, fol- 
lowed rather closely by Onychomys leucogaster, which was rare at the other 
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stations. Sylvilagus audubonii and Lepus californicus were recorded as 
numerous. Dipodomys merriami apparently was much scarcer than at the 
other stations in the mesquite association. » Peromyscus leucopus was taken, 
but Peromyscus maniculatus was not. The striking differences in numbers 
between the sand dune mesquite association population and the populations 
of the same association on relatively level compact soils probably are at- 
tributable largely to these soil differences. The two most abundant species 
at the Escondida station usually are associated with sandy soil, although 
both oceur away from sand. 


Atriplex Association 


Mammals Abundance 


Dipodomys merriami ambiguus III 
Dipodomys ordti ordit IGE 
Peromyscus maniculatus blandus 
Citellus spilosoma major 

Lepus californicus texianus 
Thomomys baileyi tularosae 
Sylvilagus audubonti minor 
Dipodomys spectabilis baileyi 


(loeal) 


ane oe le 


Ruthven (1907) named and figured the atriplex association from his 
studies in the area between Alamogordo and the White Sands. Dice (1930) 
collected mammals in this association about nine miles west of Alamogordo. 
His is the only study of the mammals of this extensive association. In the 
spring of 1940, I trapped pocket gophers in this association about eleven 
miles southwest of Alamogordo. 

The atriplex association occupies an extensive area in the Tularosa Basin 
between the mesquite association and the White Sands. The saltbush 
(Atriplex canescens) is the most abundant and most conspicuous shrub. 
Other plants recorded by Dice from this association are crucifixion thorn, 
prickly pear (Opuntia species), and bunch grass (Sporobolus species). I 
collected five species of plants in addition to saltbush about twelve miles 
southwest of Alamogordo: the joint fir (Ephedra torreyana), peppergrass 
(Lepidium alyssoides), blue curls (Phacelia corrugata), sand verbena 
(Abronia angustifolia), and a mallow (Sphaeralcea species). All of these, 
however, appeared to be relatively scarce and local in the atriplex associa- 
tion. This association occurs on predominantly flat land. The soil is 
highly alkaline and is mostly light gray. 

All of the mammals recorded from the atriplex association, with the 
exception of Dipodomys spectabilis, are characteristic species of the mes- 
quite association. They are, however, much scarcer in the atriplex than in 
the mesquite association. 
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Grassy Wash Association 


Mammals Abundance 
Peromyscus leucopus tornillo Vi 
Reithrodontomys megalotis megalotis V 
Peromyscus maniculatus blandus sv 
Sigmodon hispidus berlandiert IV 
Sylwilagus audubonit minor ial 
Perognathus flavus flavus II 


Dipodomys merriami ambiguus 
Dipodomys ordti ordit 

Lepus californicus texianus 
Neotoma micropus canescens 
Peromyscus eremicus eremicus 
Perognathus penicillatus eremicus 
Neotoma albigula albigula 
Peromyscus nasutus nasutus 
Peromyscus truet truer 
Onychomys leucogaster ruidosae 
Notiosorex crawfordi crawfordt 


HH 
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Desert washes and ditches that transect the creosote bush, mesquite, and 
atriplex associations of the Tularosa Basin generally have dense growths of 
coarse grasses and numerous herbs. There also are scattered plants charac- 
teristic of the adjacent mesquite and creosote bush associations. Irrigation 
ditches and drainage ditches along railways have similar vegetation and are 
included in this association. The association was trapped extensively in 
the fall of 1988 from a point about three miles north of Tularosa nearly 
to Three Rivers, from November 22 to December 1 and from December 8 to 9, 
a total of approximately 6000 trap nights. In March, 1940, an area about 
three miles southwest of Alamogordo was trapped for several nights. The 
alkali meadow community described by Dice (1930) apparently should be 
included in this association. 

The plants of this association have not been carefully studied. During 
both of my visits to the basin the herbs were not in condition to be identified. 
Coarse bunch grasses are the most important feature. Near Tularosa the 
Mexican gourd (Cucurbita foetidissima) is an important plant. The vines 
cover extensive areas, and the seeds of this gourd are an important source 
of food for small mammals. A few mesquites, creosote bushes, and salt- 
bushes occur. In the area he studied Dice mentioned ‘‘a fairly thick stand 
of tall grasses, some herbs, and a few scattered low shrubs.’’ 

Seventeen species of mammals have been recorded from the grassy wash 
association. Four species, Peromyscus leucopus, Reithrodontomys mega- 
lotis, Peromyscus maniculatus (all class V), and Sigmodon hispidus (class 
IV), comprise the bulk of the population. It is particularly interesting that 
here small mammals of the family Cricetidae are the most abundant species, 
while in the other associations of the basin mammals of the family Hetero- 
myidae tend to predominate in numbers. The cottontail (Sylvilagus audu- 
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bonw), class III, and a pocket mouse (Perognathus flavus), class II, become 
more abundant here than in any other association of the basin. 

Eleven species are relatively rare (class I and II) in the grassy wash 
association. Six of these, Dipodomys merriami, Dipodomys ordii, Lepus 
californicus, Neotoma micropus, Perognathus penicillatus, and Onychomys 
leucogaster, are characteristic inhabitants of the adjacent associations of the 
desert plain and probably range from those into this association. A shrew 
(Notiosorex crawfordi) is recorded in the basin only from this association. 

Four of the species that are relatively rare in the grassy wash associa- 
tion, Peromyscus eremicus, Neotoma albigula, Peromyscus nasutus, and 
Peromyscus truei, are characteristic inhabitants of rocky, mountain slopes, 
where they usually are abundant. 


Malpais Lava Association 


Mammals Abundance 
Perognathus intermedius ater IV 
Peromyscus nasutus griseus III 
Peromyscus eremicus eremicus III 
Neotoma albigula melas III 
Citellus variegatus tularosae AE 
Peromyscus truei truet ENE 
Pipistrellus hesperus maximus II 
Sylvilagus audubonit minor I 
Lepus californicus texianus — i 
Neotoma mexicana atrata I 
Citellus interpres I 
Spilogale leucoparia if 
Eutamias cinereicollis canipes I 
Dipodomys spectabilis baileyi i 
Antrozous pallidus pallidus 1 
Lynx rufus baileyi I 
Recorded from the Edge of the Lava 
Perognathus flavus flavus Reithrodontomys megalotis megalotis 
Dipodomys ordii ordit Peromyscus leucopus tornillo 


Neotoma micropus canescens 


The malpais lava association of the Tularosa Basin was named and 
figured by Dice (1930), who (1929) named two dark races of mammals from 
the malpais. The mammals were studied by Bradt (1932) and also by 
Benson (1933), who (1932) described two dark races of mammals from the 
malpais. I trapped this association about four miles west of Carrizozo on 
the nights of October 21 and 22, 1938, and about five miles west of Oscuro 
for a few nights in late April and early May, 1940. 

The Tularosa malpais or lava bed lies in the northern part of the basin. 
The lava flow is more than forty miles long and varies in width from less 
than one mile to about six miles. Dice has given a general description of 
the malpais lava association near its southern end. He noted that, ‘‘there 
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is a sparse growth of mesquite, several kinds of cacti, some unidentified 
shrubs, and a very little grass.’’ Benson likewise gave a general descrip- 
tion of the association and pointed out that the juniper (Juniperus mono- 
sperma) is the dominant plant at the northern end of the lava bed and that 
mesquite and creosote bush are the chief plants at the southern end. No 
adequate study of the plants of this association has been made. I noted 
that the vegetation seemed to be in a much more normal condition west of 
Oscuro than west of Carrizozo and at the southern end of the bed, where 
there was evidence of intensive grazing by goats and cattle. The vegetation 
on the lava bed west of Oscuro probably is representative of the natural 
vegetation of the malpais, except at its northern end, where junipers 
predominate. 

West of Oscuro, the principal plants of the relatively level, more or less 
unbroken lava surfaces are snakeweed (Gutierrezia species), woolly ground- 
sel (Senecio longilobus), purple dahlia (Parosela formosa), cholla cactus 
(Opuntia species), yucca (Yucca species), streptanthus (Streptanthus 
valida), saltbush (Atriplex canescens), rattail cactus (Opuntia leptocaulis), 
and a grass that could not be identified at the season of field work. On the 
level surfaces, these plants grow in small crevices in the lava, where slight 
quantities of soil have accumulated. 

The plants of the level lava surfaces also grow on rough, broken lava, in 
lava sinks, or on cliffs, where an additional conspicuous plant is a sumac 
(Rhus microphylla). Red salvia (Salvia henryi) also grows in these places. 
A few mesquites grow on both the broken and relatively unbroken lava 
surfaces. 

Other plants identified from the malpais lava association west of Oscuro 
include bitterweed (Actinea mearnsw), borage (Cryptanthe crassisepala), 
erigeron (Hrigeron species), Apache plume (Fallugia paradoxa), blue curls 
(Phacelia caerulea), clammy weed (Polanisia species, probably wniglandu- 
losa), bladderpod (Lesquerella species), tansy mustard (Sophia halic- 
torum), and verbena (Verbena species, probably wrightii). This list of 
plants undoubtedly is far from complete, being representative of only one 
season of the year. It includes, however, the species that characterize the 
association throughout most of the year and indicates that the malpais lava 
association probably supports a greater variety of plant life than any other 
association of the Tularosa Basin. 

The physical features of the lava bed already have been adequately 
described by Meinzer and Hare (1915), by Dice (1930), and by Benson 
(1933). Perhaps emphasis should be placed on the probable importance 
of lava sinks, as represented west of Oscuro. Some of these are twenty to 
thirty feet deep and lead into small caves beneath the lava. The tempera- 
ture in these sinks and caves is much more even than on the surface of the 
bed. Many of the deep, well-protected sinks and caves are moist at the 
bottom, and such mesic animals as craneflies, which probably could not 
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exist on the surface of the lava, were observed in some of them. On the 
hottest days, when the surface of the lava was’ nearly unbearable because 
of the absorption of heat by the dark rock,’ the sinks were pleasantly cool. 

Twenty-one species of mammals have been recorded from the malpais 
lava association, but five of them, Perognathus flavus, Dipodomys ordii, 
Neotoma micropus, Reithrodontomys megalotis, and Peromyscus leucopus, 
apparently range only into the edge. The five species that have been re- 
corded only from the edge of the lava bed are characteristic inhabitants of 
other associations of the Tularosa Basin. 

Five species, Perognathus intermedius (class IV), Peromyscus nasutus, 
Peromyscus eremicus, and Neotoma albigula (all class III), and Citellus 
variegatus (class IL), are the most abundant forms in the malpais lava asso- 
ciation and apparently range over the entire lava bed. Endemic, dark races 
of all of these except Peromyscus eremicus have been described and named. 
The population of Peromyscus eremicus on the malpais lava is highly vari- 
able, as Benson (1933) already has pointed out. Some individuals are 
dark; others are light. 

The canyon bat (Pipistrellus hesperus) was found by Dice to be abun- 
dant at the southern end of the lava bed, and it is to be expected that it 
ranges over the entire association. Ten species of mammals appear to be 
relatively rare in this association. A dark endemic race of one of these, 
Neotoma mexicana, has been described. The one specimen of another, 
Eutamias cinereicollis, collected by Benson (1933) was stated by him to be 
dark. 


White Sands Associations 


Mammals Abundance 
Range Over the Entire Area 

Geomys arenarius brevirostris iy 

Perognathus apache gypst IIL 

Peromyscus maniculatus blandus TENE 

Citellus spilosoma major IIl 

Dipodomys ordti ordi II 

Dipodomys merriami ambiguus Il 

Perognathus flavus flavus I 

Lepus californicus texianus I 

Neotoma micropus leucophaea if 

Canis latrans subspecies I 

Vulpes macrotis neomexicana I 

Antilocapra americana subspecies it 

Erethizon epixanthum subspecies it 

Odocoilus species iE 

Recorded Only from the Edge 

Onychomys leucogaster ruidosae Cratogeomys castanops lacrimalis 
Perognathus penicillatus eremicus Taxidea taxus berlandiert 
Onychomys torridus torridus Dipodomys spectabilis baileyt 
Reithrodontomys megalotis megalotis Cynomys ludovicianus arizonensis 


Sylvilagus audubonit minor 
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The White Sands area was figured by Ruthven (1907), who named 
one ecological association, the sumac-yucca association. Dice (1930) studied 
the mammals of the sumac-yucca association at the edge of the White Sands. 
He named another association, the grama grass-joint fir association, but 
did not study its mammals. I trapped in the interior of the White Sands 
from November 16 to 20, 1938 (approximately 2000 trap nights). This 
station is in section 19, township 17 south, range 7 east on the Point of 
Sands quadrangle. It is about four miles from the eastern edge of the 
White Sands and is representative of the interior of the sands. From 
observations at this station, it seems desirable to name two ecological asso- 
ciations in addition to the two that previously have been recognized in the 
White Sands. Both of these occupy the valleys between the dunes and 
will be designated, respectively, the wet valley and dry valley associations. 
In 1940 I trapped briefly in the interior and near the edge of the White 
Sands. 

Benson (1933) made an extensive study of the mammals of the White 
Sands, but he was concerned primarily with color variation rather than 
ecological distribution. His work on the White Sands was limited to three 
stations on the eastern edge. MacDougal (1908: 11) gave a general 
description of the vegetation of the White Sands and a chemical analysis 
of the gypsum ‘‘sand.’’ Emerson (1935) made a general survey of the 
plant ecology of the White Sands, but he did not investigate the distribu- 
tion of plant associations in the area. As a matter of fact, no detailed 
study of the separate ecological associations of the White Sands has been 
made, although a considerable amount of work has been done on the entire 
area as a biotic unit. Consequently, it seems best for the present to char- 
acterize the recognizable ecological associations as adequately as possible 
and to discuss the mammalian fauna of the entire White Sands area as 
a unit. 

The sumac-yucea association occurs on many of the gypsum dunes of 
the White Sands. There is, however, no vegetation on many of the active 
dunes, particularly in the interior of the area. On the other dunes, the 
density of the vegetation varies greatly. The plant cover is relatively 
heavy on the more or less stable dunes near the edge of the White Sands, 
where there are numerous annuals in addition to the seven herbaceous 
species that Emerson (1935: 232) found able to elongate and thus keep 
above the encroaching sand. These last, which include Ephedra torreyana, 
Yucca elata, Populus wislizem, Atriplex canescens, Rhus emoryt, Polio- 
mintha incana, and Chrysothamnus latisquameus, because of their peculiar 
adaptability, extend into the interior of the White Sands, where they are 
virtually the only plants of the sumac-yucca association. The vegetation 
usually is sparse on the interior dunes, in contrast with its relative thickness 
on the peripheral dunes. 


The grama grass-joint-fir association occupies the valleys between the 
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dunes near the edge of the White Sands. Most of the sixty-two species of 
plants recorded by Emerson (1935: 230) from the White Sands oceur in 
this association, and most of them apparently are limited to it. There is 
an excellent ground cover of grama grass (probably mostly Boutelowa 
breviseta, recorded from the White Sands by Emerson, 1935). There are 
scattered, small thickets of sumac (Rhus emoryi). The gypsum is encrusted 
in these valleys. 

The wet valley association occupies low valleys between the dunes in 
the interior of the White Sands, where the water table is near the surface. 
The surface of the gypsum soil is encrusted and usually moist. Water 
undoubtedly stands in these valleys at some times. The vegetation grows 
on small hummocks projecting above the general level of the valleys. The 
principal vegetation consists of a coarse bunch grass (possibly Indian 
rice grass, Oryzopsis hymenioides, which was recorded from the interior 
of the sands by Emerson) and joint fir (Ephedra torreyana). 

The dry valley association occupies relatively dry valleys in the interior 
of the White Sands. The soil is not encrusted, but is made up of gypsum 
particles similar to those that comprise the dunes. The principal plant of 
this association is prairie beard grass (Andropogon scoparius var. neo- 
mexicanus). This, with yucca (Yucca elata), makes up the bulk of the 
vegetation. 

Twenty-three species of mammals have been recorded from the White 
Sands, but only eleven of these are known to range into the interior of the 
sands. A pocket gopher (Geomys arenarwus), class IV, probably is the most 
abundant mammal of the White Sands. The wet and dry valley associations 
of the interior are literally undermined by the tunnels of this mammal. 
It is abundant in the grama grass-joint fir association of the periphery, 
but is relatively rare in the sumac-yucca association. Three other species, 
Perognathus apache, Peromyscus maniculatus, and Citellus spilosoma (all 
class III), are listed in the order of probable abundance. All of these live 
in all of the ecological associations, but in the interior they are more 
numerous in the wet and dry valley associations than in the sumac-yucca 
association. At the periphery of the area they all probably exceed Geomys 
in abundance, but if the entire population of the White Sands is considered 
Geomys probably leads in numbers. One of these species, Perognatus 
apache, is represented on the White Sands by an endemic, pale race, gypst. 
Another, Citellus spilosoma, is paler and has larger white dorsal spots than 
others of the same species living in the mesquite association near Alamogordo 
(Blair, 1941b). The pocket gopher, Geomys arenarius, is represented by 
the endemic race brevirostris, which is not notably pale. 

Three species of mammals, Dipodomys ordii and Dipodomys merriami 
(class II) and Perognathus flavus (class I), are more numerous at the edge 
of the White Sands than they are in the interior, where they are mostly 
limited to the dry valley association. Two species of carnivores, Canis 
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latrans and Vulpes macrotis, are present in the interior of the sands as 
well as at the edge. Lepus californicus and Neotoma micropus range into 
the interior, but they are rare there as well as at the periphery. The latter 
is represented in the White Sands by the endemic race lewcophaea (Gold- 
man, 1933), which is described as being paler than canescens. 

Some of the nine species of mammals recorded from the edge of the 
White Sands possibly will be found to range into the interior. Three other 
species undoubtedly are rare or transient in the White Sands. Dice re- 
ported Antilocapra americana from the area. I am at a loss to explain the 
origin of remains of Erethizon epixanthum that were found in 1940. The 
deer tracks that Ranger George Sholly reported probably were made by 
an individual from the San Andres Mountains, which lie west of the White 
Sands. 


ISOLATION AND DISPERSAL OF MAMMALS IN THE TULAROSA BASIN 


Isolation and natural selection appear to be the most important factors 
involved in the formation of local races of southwestern mammals (see Dice 
and Blossom, 1937: 116; and Benson, 1933: 56). Ecological isolation in the 
Tularosa Basin tends to break some of the species of mammals into numerous 
relatively small, more or less isolated population units. In these units the 
evolution of local races through natural selection may be accelerated. In 
addition, differentiation may occur in small populations through random 
fixation of genes (see Dobzhansky, 1941: 168). 

The tendency for small, partly isolated populations to differentiate is 
inhibited by the interchange of individuals between the several populations. 
This interchange acts to maintain the uniformity of the entire population 
of the species (see Dobzhansky, 1941: 834). Wright (19381: 126) has devised 
a formula for measuring the effectiveness of migration (dispersal) in retard- 
ing differentiation in partly isolated populations. As he points out, the 
theoretical case on which the formula is built must be much qualified before 
it is applicable to the conditions that actually obtain in natural populations. 
He does make the general statement, however, that, ‘‘it would appear that 
an interchange of the order of thousands of individuals per generation 
between neighboring subgroups of a widely distributed species might well 
be insufficient to prevent a considerable random drifting apart in their 
genetic constitutions.’’ It is to be noted that he is speaking here of random 
divergence. With selection in different directions taking place in each of 
two neighboring populations, differentiation could be accomplished with an 
even greater interchange of individuals. Dice and Blossom (1937: 116) 
cite instances of differentiation occurring presumably through natural selec- 
tion though there was no apparent physical barrier to interbreeding. 

Of importance in ecological isolation in the Tularosa Basin is the fact 
that the mammals of the region, as represented by nine species that have 
been studied, have home ranges that are occupied over a relatively long 
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period of time (Blair, in press). The existence of these home ranges, each 
comprising a few acres, helps to localize the individual mammals and. thus 
retards the spread of hereditary characters through the entire population. 
Occasional changes of home range occur, and movements of as much as one- 
third of a mile sometimes are made. These movements accelerate the spread 
of inherited characters throughout the population. With these observations 
in mind the possible role of ecological isolation in the differentiation of local 
races in the Tularosa Basin will be considered. 


Desert Associations as Barriers to Mammals of the Desert Plain 


The grassy wash and mesquite associations of the desert plain both in- 
clude a considerable number of species of small mammals. Several species 
are abundant in these associations. It is evident then that these associa- 
tions provide favorable ecological conditions for these species. The creosote 
bush and atriplex associations, on the other hand, have relatively few species 
of mammals, and most of the species are scarce in these associations. This 
scarcity seems attributable to the limited supply of food and cover available. 
The creosote bush and atriplex associations, being ecologically unfavorable 
to most small mammals, act as more or less effective barriers to the inter- 
change of individuals and genes whenever they intervene between areas of 
the other associations. 

The grassy wash association, because it is limited to desert washes and 
ditches, is discontinuously distributed in the Tularosa Basin. Since the 
washes cut across the belts of creosote bush and mesquite associations, small 
areas of grassy wash association comprising only a few acres to a few hun- 
dred acres may be completely surrounded by one or both of these other asso- 
ciations. Neighboring areas of grassy wash association may be separated 
by from less than one mile to several miles of other associations. Near 
Tularosa the isolation from one another of successive desert washes has 
ceased to exist since the building of the Southern Pacific Railway through 
the basin. The drainage ditches along the right of way are occupied by 
erassy wash association plants and mammals, thus making one panmictic 
breeding unit of many small populations that previously were isolated by 
the creosote bush association. 

Three of the four characteristic and most abundant species of the grassy 
wash association, Peromyscus leucopus, Reithrodontomys megalotis, and 
Sigmodon hispidus, never have been recorded from the creosote bush asso- 
ciation. Extensive trapping in this association within a few hundred feet 
of the grassy wash association when population pressure was at a peak 
there failed to take a single individual of any of these species. All are 
closely associated with grass and other heavy ground cover in the south- 
western desert regions, and Sigmodon is conspicuously adapted morpho- 
logically to such an environment. For these species, the creosote bush asso- 
ciation, consequently, affords an effective barrier to dispersal. 
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One species, Peromyscus maniculatus, which is characteristic of the 
erassy wash association and abundant there, occurs but rarely in the creosote 
bush association. For this species, and for the three discussed above, there 
ean be little doubt that the creosote bush association acts as a highly ef- 
fective, although probably not complete, barrier to dispersal. 

Where units of grassy wash association are surrounded by the mesquite 
association, the isolation of these units apparently is less effective than where 
they are surrounded by creosote bush association. For Peromyscus manicu- 
latus the mesquite association is no barrier, because this species is one of the 
characteristic and abundant species there. For Peromyscus leucopus and 
Sigmodon hispidus this association is a partial barrier, which is most effective 
for the latter. Sigmodon was taken rarely in the mesquite association and 
only at a time when a peak population existed in the grassy wash association. 
Peromyscus leucopus was fairly common locally in the mesquite association 
when populations were high, and a few were found locally even when popu- 
lations were not at a peak. Reithrodontomys megalotis has been recorded 
from the mesquite association only where there was an unusual variety and 
abundance of vegetation. The mesquite association, as represented at most 
places in the Tularosa Basin, apparently is an effective barrier to this species. 
In general, the evidence indicates that the mesquite association is a highly 
effective barrier to the dispersal of Sigmodon and that this association acts 
to retard the dispersal of Peromyscus leucopus and Reithrodontomys mega- 
lotis. Even in the case of Peromyscus and Reithrodontomys this barrier 
probably is fully adequate to permit random divergence in neighboring 
populations if Wright’s statement (1931: 126) is taken as a rough criterion 
of the isolation necessary for this to take place. 

The mesquite association, in the Tularosa Basin, occurs as rather widely 
separated units. One such unit is the area of several square miles of mes- 
quite immediately south of Alamogordo. Another, comprising several hun- 
dred square miles, occurs on the Escondida red sands. A small unit of 
only one or two square miles is situated on the quartz sands west of Tularosa. 
There are other such units in the northern and western parts of the basin. 
These units are separated by wide expanses of atriplex association, creosote 
bush association, or both. Peromyscus maniculatus and Neotoma micropus 
of the mesquite association seem to find these intervening associations a 
fairly effective barrier to dispersal. For some of the other species these un- 
favorable associations probably also are partially effective as barriers, be- 
cause the species are relatively scarce in them. 


Isolation and Differentiation of Mammals on the White Sands 


The White Sands comprise approximately 270 square miles of dazzling 
white gypsum dunes near the middle of the Tularosa Basin. They are sur- 
rounded by atriplex association and on the west by an alkali flat that 
presents even more adverse conditions as a mammalian habitat than does 
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the atriplex association. The mammals of the White Sands are mostly those 
that occur in abundance in the mesquite association or that are widely 
distributed in most of the ecological associations of the desert plain. Sev- 
eral of these species, however, are known to occur rarely in the atriplex 
association, and some of them have not been recorded from that associa- 
tion. Consequently, the rather considerable populations of mammals living 
at the edge of the White Sands are, to some extent, isolated from populations 
of the same species living in the distant mesquite association. For example, 
the White Sands are separated from the Alamogordo mesquite by approxi- 
mately ten miles of atriplex association. At least two of these species 
apparently are undergoing adaptive differentiation on the White Sands. 
A local race of the wood rat (Neotoma micropus lewcophaea) has been de- 
scribed from the White Sands by Goldman (1933: 472). The describer 
stated that this is a ‘“‘slightly differentiated’’ race, paler than canescens of 
other parts of the Tularosa Basin. The spotted ground squirrel (Citellus 
spilosoma major) is paler and has larger white spots on the White Sands 
than it does on the darker soil of the mesquite association near Alamogordo 
(Blair, 1941b). The Chihuahua deer-mouse (Peromyscus maniculatus 
blandus) also tends to be paler on the White Sands than in some other 
populations in the Tularosa Basin. This is shown by a detailed study of 
eolor variation of this mouse in the Tularosa Basin now in progress. 

Two species of mammals of the White Sands never have been recorded 
from any other ecological associations of the Tularosa Basin. Significantly, 
both of these species are represented on the White Sands by endemic races. 
One of these, Perognathus apache gypsi, is extremely pale and, consequently, 
is well adapted for concealment on the White Sands. The other, Geomys 
arenarius brevirostris, while a well-marked race, is not adaptively colored. 
Actually, brevirostris is darker than another race living on darker soil in the 
Rio Grande Valley from El Paso to Las Cruces. 

Benson (1933: 25) in attempting to explain this anomalous phenomenon 
stated that these pocket gophers tend to match the wet soil they push 
out of their burrows. He also said that the pocket gophers are most abun- 
dant in low places, where the soil is wet and consequently yellowish. The 
gypsum sand, when wet, is somewhat darker than when dry, giving an Ives 
tint photometer reading of 58 per cent for reflected red compared with 
a value of 70 per cent for the dry sand. The wet sand, however, lacks much 
of being as dark as the local race of pocket gopher. Two specimens of this 
animal from the White Sands give an average tint photometer reading of 
18.5 per cent for red. A specimen of Geomys arenarius arenarius from 
Kenzin, Dona Ana County, has a tint photometer reading of 21 per cent 
for red. Both races are relatively pale and tend to match the pale desert 
soils of southern New Mexico. The fact remains, however, that brevirostris 
is much darker than either the dry or wet gypsum, and it is darker than 
another race living on darker soil than the gypsum. 
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The adaptively colored pocket mouse also is darker than either the wet 
or dry sand and gives a lower mean tint photometer value (see Dice and 
Blossom, 1937: 79). The difference, however, between the mean pelage 
color of the pocket mice and the mean color of the dry sand is considerably 
less than that between the pocket gopher and even the wet sand. The palest 
pocket mice approach the light color of the sand much more closely than 
do any of the pocket gophers. Actually, the tint photometer readings of 
the pocket mice do not show adequately the full extent of the adaptive color- 
ing of these animals, for the readings are made on the dorsal stripe, which 
is the darkest part of the animal. 

Benson’s statement that the Geomys are exposed to attack when on the 
soil shoved out of their burrows, and his inference that selection is toward 
a pelage that matches this soil is scarcely defensible. In the interior of the 
White Sands the species is very abundant in the dry valley association, 
where the sand is dry and white. Trails in the sand indicate that the 
pocket gophers often leave their burrows and travel overland for several 
feet to gather food. Many of the burrows have these trails radiating out 
in several directions from them. It can hardly be doubted that the animals 
are more exposed to attack when several feet from their burrows than when 
they are at the entrances to them. 

The endemic race of Geomys on the White Sands apparently has origi- 
nated through random differentiation in an isolated population, for its prin- 
cipal characteristics are cranial and presumably nonadaptive. The failure 
of this pocket gopher to have developed a pelage in harmony with the light 
background suggests that colonization of the White Sands by Geomys are- 
narius has been a rather recent event. The relatively dark color of this 
race possibly was fixed before the species invaded the White Sands. The 
White Sands are on the extreme periphery of the range of the genus and 
species, and an extension of the geographic range may well have occurred 
in comparatively recent time. Pocket gophers, as a group, match rather 
closely the soil on which they occur. This being the case, it is logical to 
believe that Geomys has inhabited the White Sands too short a time to 
become adaptively colored. The Escondida red sands, which extend south- 
ward into Texas, afford a logical invasion route from the population of 
Geomys arenarius inhabiting the Rio Grande Valley. This species was 
trapped in a very similar sand area at Kenzin. If, ag I believe, the Escondida 
sands have been the avenue by which Geomys reached the White Sands the 
species apparently later became extirpated there, for there are no records 
of Geomys from there. 

One cannot but note that, in spite of its lack of protective coloration, 
Geomys is one of the most abundant species of mammals on the White Sands. 
Since pocket gophers spend much more time underground than do most 
small mammals they undoubtedly are less subject to attack by predators 
than are the other forms. This being the case, natural selection theoretically 
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should operate more slowly in bringing the pelage of these subterranean 
mammals into harmony with their environment than it would operate on 
species that spend much of their time above ground. Nevertheless, in the 
course of future evolution, natural selection theoretically should produce 
a pale race of Geomys on the White Sands. 

In general, species of mammals that appear to be completely isolated on 
the White Sands are represented there by well-marked endemic races. 
One of these races, Perognathus apache gypsi, is adaptively modified; the 
other, Geomys arenarius brevirostris, apparently represents random dif- 
ferentiation. Some of the species that are partly isolated from other popu- 
lations in the basin by the unfavorable atriplex association exhibit a trend 
toward adaptive differentiation on the White Sands. No detailed compari- 
sons between populations of most of the partly isolated species have been 
made. 


Isolation and Differentiation of Mammals on the Malpais Lava 


The striking examples of protectively colored mammals to be found on 
the malpais lava bed already have been discussed in detail (Bradt, 1932; 
Benson, 1933; and Dice and Blossom, 1937). Five endemic races, char- 
acterized by dark pelages that somewhat match the dark lava rock, have been 
described. In addition, Peromyscus eremicus is represented by a variable 
population in which a fairly high percentage of the animals are dark. The 
one specimen of Hutamias cinereicollis known from the association was 
stated by Benson (1933) to be dark. Thus, seven species have undergone 
or appear to be undergoing adaptive differentiation on the malpais lava. 

Previous workers have attributed the development of the dark races on 
the malpais lava to the combined effects of isolation and natural selection, 
with which view I am in accord. It should be emphasized, however, that 
the isolation of these species on the malpais lava is far from complete. All 
of these species are abundant in the mountains that border the Tularosa 
Basin, and in one place, according to Bradt (1932), the malpais is in contact 
with the foothills of these mountains. The malpais is very close to these 
hills along much of its western edge. Furthermore, there are scattered hills 
only a few miles apart between the eastern edge of the malpais and the 
mountains. Four of the species that are differentiated on the malpais have 
been taken in desert associations of the basin. Individuals of these species, 
which include Citellus variegatus, Peromyscus eremicus, Peromyscus 
nasutus, and Neotoma albigula, easily could reach the malpais from the 
hills to the west or from the mountains to the east by way of the scattered 
hills and buttes. They could come from either direction by crossing two 
or three miles or less of desert between areas of favorable ecological con- 
ditions. All four of these species have been found in desert associations 
at least two or three miles from the mountains. It probably is significant, 
as Benson (1933) has pointed out, that Peromyscus eremicus, which is the 
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most variable of the differentiated lava bed mammals, occurs in desert 
associations in greater numbers and farther from the mountains than do 
the other species. It seems likely that more individuals of eremicus than 
of the other species reach the malpais from near-by areas of light rock. 

Briefly, the development on the malpais of dark races of species of which 
relatively light races occupy the near-by mountains indicates that natural 
selection is sufficiently rigorous there to produce adaptive differentiation. 
The evolution of these dark races has occurred and is occurring in spite of 
the fact that the malpais populations are only partly isolated. No measure 
of the interchange of individuals of any species between the malpais popu- 
lation and the populations of near-by hills has yet been made. The close 
proximity to hills along much of the malpais suggests that there probably 
is a sufficient interchange of individuals to prevent random divergence of 
the populations, if the general statement of Wright (1931: 126) is taken 
as a rough indication of the amount of interchange necessary. That dif- 
ferentiation has taken place and is taking place apparently is due to selec- 
tion pressure sufficiently strong to neutralize and to overcome the effect 
of incoming genes. 


Associations of the Desert Plain as Barriers to Mammals 
of the Mountains 


The slopes of the mountains near the Tularosa Basin and isolated buttes 
in the basin are inhabited by several species of mammals that are more or 
less restricted to rocky situations. Others, while not rock inhabitants, are 
largely restricted to the ecological associations of the mountain slopes. 
The desert plain of the Tularosa Basin is, in part at least, a barrier to the 
dispersal of these species. That the Tularosa Desert is not a complete barrier 
to several of these mammals is indicated by the fact that seven of them have 
been recorded from the ecological associations of the desert, at least two or 
' three miles from the nearest rocky situations at the base of the mountains. 
Citellus variegatus was observed in the creosote bush association, and Dice 
(1930) recorded it from the mesquite association. Peromyscus truei was 
trapped in the creosote bush and grassy wash associations. Peromyscus 
eremicus and Neotoma albigula were taken in the mesquite and grassy wash 
associations. Peromyscus nasutus was taken in the grassy wash association. 
Tracks of Odocoileus species were seen in the mesquite association and on 
the White Sands. Remains of Erethizon epizanthum were found on the 
White Sands. Of all these Species, Peromyscus eremicus occurs on the desert 
in greater numbers than does any other of these Species and has been 
recorded farthest from the mountains. Nine individuals of this species were 
trapped in mesquite association near the middle of the basin. At the time 
when most of these species of small mammals were trapped on the desert, 


the fall of 1938, populations were at a peak. Population pressure must then 
have been heavy in their normal habitats. 
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Although these several species of saxicolous mammals of the mountain 
slopes have been taken in the Tularosa Desert, it seems certain that isolation 
of scattered buttes in the center of the basin by the desert associations must 
be highly effective, except for Peromyscus eremicus. Benson (1933) re- 
corded Perognathus intermedius, Peromyscus eremicus, and Neotoma 
albigula, from Cerrito Tularosa, an isolated, rocky peak southwest of 
Tularosa. There probably is some interchange of genes between the popu- 
lation of this peak and the populations of other similar, partly isolated peaks 
and buttes such as the Tres Hermanos group southwest of Alamogordo. 
There probably is also some transfer of characters between these desert 
butte populations and the populations of the mountains that front on the 
desert. This interchange, however, appears to be too slight to prevent 
theoretically random divergence in the partly isolated populations. 


SUMMARY 


Four major ecological associations occupy the desert plain in the 
Tularosa Basin. Four other ecological associations are recognized on the 
White Sands, and the malpais lava comprises still another association. In 
the Tularosa Basin certain species of mammals are largely restricted to the 
grassy wash or mesquite association, and they occur only rarely in the 
creosote bush and atriplex associations. The unfavorable creosote bush 
and atriplex associations, consequently, somewhat isolate the populations 
of neighboring, scattered areas of the grassy wash and mesquite associations. 
Thus, there are, in the Tularosa Basin, numerous relatively small popula- 
tions of mammals that appear to be sufficiently isolated to permit theo- 
retically random divergence in their genetic constitutions. 

Several desert species of mammals appear to be developing adaptively 
modified races on the White Sands, where they are partly isolated by the 
atriplex association. Two species that apparently are completely isolated 
on the White Sands are well differentiated there. One of these is protec- 
tively colored ; the other seems to represent random differentiation. 

Seven species of mammals have undergone or appear to be undergoing 
adaptive differentiation on the malpais lava. These populations are but 
little isolated from the populations of near-by mountains and hills. There- 
fore, selection on the malpais lava appears to be sufficiently rigorous to 
overcome the nullifying effects of a considerable interchange of individuals 
between this and neighboring populations. 

The Tularosa Desert serves to isolate populations of saxicolous mammals 
living on scattered buttes in the desert and in the mountains bordering it. 
That this isolation is not complete is indicated by the fact that seven species 
of mammals usually restricted to rocks and mountain slopes have been 
recorded from the desert. 
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INTRODUCTION 


Tue size of the home range and the rate of dispersal of a species must be 
learned before any attempt can be made to determine the rate at which local 
races of that species originate. Population size, rate of increase, and social 
relations within the species also are important because of their possible 
effects on the origin of local races. 

As a part of an attempt to learn the rate of origin of local races of deer- 
mice in the southwestern United States, live trapping and marking opera- 
tions were carried out in the mesquite association near Alamogordo, New 
Mexico. The trapping was begun on March 4, and the field work was 
brought to a close on May 24, 1940. During the course of operations, 105 
Chihuahua deer-mice (Peromyscus maniculatus blandus) were marked and 
retrapped many times, and, in addition, 419 other small mammals com- 
prising ten species were marked and observed. 

It became evident soon after the work was begun that the trapping data 
would be adequate for a study of the home ranges and size of populations 
of nearly all of the small mammals on the trap areas. A technique for study- 
ing dispersal, successful in other areas, proved inadequate in this region (see 
p. 15), and the data here presented consequently deal largely with home- 
range size and features of population dynamics other than dispersal. 


ACKNOWLEDGMENTS 


The field work was supported in part by a grant from the Horace H. 
Rackham School of Graduate Studies, and in part by the Laboratory of 
Vertebrate Biology, both of the University of Michigan. Charles Bonnell 
kindly gave permission to trap on his ranch near Alamogordo. Tom Charles, 
G. H. Grant, Tom Linnenkohl, and Sam MeNatt, all of Alamogordo, ren- 
dered many favors during my stay in the region. <A. L, Hershey, of New 
Mexico State College, kindly identified certain plants. The statistical com- 
putations were made by D. M. Clarke. My wife, Fern Ann Blair, acted as 


POPULATIONS OF SMALL MAMMALS 3 


field assistant. Climatological data were furnished by the United States 
Weather Bureau. Publication was made possible by a grant from the 
Horace H. Rackham School of Graduate Studies, 


THE MESQUITE ASSOCIATION 


The principal vegetative features of the mesquite association of the 
Tularosa basin were described briefly but succinctly by Ruthven (1907: 
495), who stated that ‘‘the flora consists principally of the mesquite (with 
some crucifixion thorn).’’ Dice (19380: 9) gave a more extensive description 
of the mesquite association and mentioned the presence of several species of 
Atriplex and a species of Lepidium, in addition to the plants mentioned by 
Ruthven. , . 

The mesquite was by far the most abundant and most conspicuous plant 
on the area studied by me. In fact, all of the other plants could have been 
removed without altering materially the appearance of the vegetation. The 
habit of growth of the mesquite varied greatly. Some mesquites were small 
trees, ten to fifteen feet high. Others formed dense, shrubby masses of vary- 
ing heights, and there were extensive areas of closely spaced, short, relatively 
straight mesquite stems, usually less than two feet in height. These last 
possibly were maintained in this condition by browsing cattle. Many mes- 
quites and the crucifixion thorns were considerably affected by browsing. 
The clumps of mesquite alternated with barren areas on which there was 
little or no vegetation. The distance between clumps varied greatly. 
Around many of the clumps the accumulation of wind-blown sand and dust 
had built up mounds from a few inches to two or three feet high. 

There were a few crucifixion thorns (Koeberlinia spinosa) and a few 
atriplex (Atriplex canescens). In April and May there were a few herbs, 
the most abundant being Lepidium alyssoides. Less numerous were Astraga- 
lus nuttallianus, Verbena wrightu, Gilia pumila, and Sophia sp. 

In addition to the specimens of eleven species of small mammals caught, 
several species too large for our traps were known to frequent the areas 
trapped. Cottontails (Sylvilagus audubonu minor) were fairly numerous, 
and an occasional jack rabbit (Lepus californicus texianus) was seen. 
Coyotes (Canis latrans) were seen or heard on several occasions, and dogs 
traversed the area a few times. Deer tracks were seen once. Cattle were 
being ‘‘grazed’’ on the area when trapping was begun, but they had been 
removed before the end of the field work. 

Food for the mammals of the mesquite association was limited during 
approximately the first half of the field period. The previous year’s crop 
of mesquite beans and herbaceous seeds seemed to have been exhausted long 
before March. The only appreciable source of food appeared to be the bark 
of the mesquite. Many of the mesquite stems evidently had been gnawed 
near the ground. When a clump of mesquite was trampled to the eround, 
virtually all of the stems were gnawed clean of their bark before the next 
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morning. After the spring growth began, the leaves and tender shoots of 
the mesquite and the fruit and foliage of Lepidiwm alyssoides probably pro- 
vided the bulk of the food supply. On numerous occasions the small mam- 
mals carried these into the traps and there abandoned them in favor of the 
apparently more desirable sunflower seeds used as bait. The traps were 
baited liberally, and the Heteromyid rodents, after gorging themselves, filled 
their cheek pouches with sunflower seeds which they, when released, carried 
away and cached. After trapping had been under way for some time, 
the small piles of hulls indicative of these caches were numerous on the plots. 
Sometimes they were near mesquite clumps, sometimes in the barren areas 
intervening between the clumps. Possibly the caches in the open areas were 
safer from discovery by other individuals than those near the mesquites. 

A great abundance of refuges and possible homesites was an important 
feature of the mesquite association. Nearly every clump of mesquite had 
one or more series of pocket-mouse or kangaroo-rat tunnels. Many of these, 
of course, were occupied by their builders or their descendants. Many 
others, however, were old tunnels that provided shelter for deer-mice, wood 
mice, or grasshopper mice. In addition to these multitudinous small holes 
and tunnels there were large abandoned holes that presumably had been 
dug by skunks and badgers. There also were some abandoned wood-rat 
dens and ground-squirrel holes. Because of this abundance of holes and 
tunnels, a small mammal that was released from a trap in any part of its 
home range usually was able to take refuge in a hole at the nearest mesquite 
clump. 

The weather deviated slightly from the normal during the field period. 
The mean temperature for each month was slightly warmer than the average 
for these months (Table I). Precipitation was below normal in March and 
April, and considerably above normal in May. 


TABLE I 


CLIMATOLOGICAL DATA FoR ALAMOGORDO WEATHER Station, No. ll 
FOR MAaRcH, APRIL, AND May, 1940 
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" METHODS — 


The methods used in this study are in general those that have been devel- 
oped in previous studies of home ranges and populations of small mammals 
(Blair, 1941a). Several modifications in technique, however, have been nec- 
essary because of local conditions. 


PLOTS 


Trapping was begun on a plot comprising 18.83 acres of mesquite associ- 
ation on March 4, 1940. Before the traps were set the plot was staked out 
in a grid pattern with the stakes forty-five feet apart. The traps were set 
out in lines that roughly followed the lines of stakes, although the traps were 
set at the stakes only where these were at or near the mesquite clumps, since 
small mammals of this association frequent these clumps and usually cross 
the intervening barren spaces only in moving from one clump to another. 
In general, a trap was set at each mesquite clump along a line of stakes, and 
two traps sometimes were used at large clumps. It soon became evident that 
the traps were more closely spaced than was necessary, and at the end of 
March alternate lines of traps were removed from the plot and used in 
another plot. After this change, plot A comprised 18.07 acres. The center 
of the second plot (plot B) was about one-half mile from the center of the 
first and comprised 17.69 acres (Fig. 1). This plot was staked out with the 
stakes forty-five feet apart in the lines, but-with the lines ninety feet apart. 
The traps were spaced approximately the same on both plots and were main- 
tained in this pattern until the end of trapping on May 24, 1940. 

In outside dimensions plot A was 1215 feet long by 675 feet wide in 
March, and 1215 feet long by 648 feet wide in April and May. Plot B was 
1044 feet long by 738 feet wide. These measurements were made from the 
outer traps on each side. 

TIME INTERVALS 


Both plots were divided into halves lengthwise, and one-half of each plot 
was trapped at atime. At the beginning, one-half of plot A was trapped 
for a week. After the first week, however, the trapping routine was altered 
slightly. With the new routine one-half of the plot was trapped for six 
days. On the seventh day the traps on only the outer half of this half-plot 
were set, and in addition the traps on the outer half of the other half-plot 
were set. Then the traps on the second half of the plot were set for the five 
following days. With this routine, in the course of twenty-five days each 
half of the plot was trapped for one five- and one six-day period. In addi- 
tion, an outer one-fourth on each side of the plot was trapped on the three 
days intervening between the regular trap periods. This seemingly compli- 
eated, although really simple, trapping practice was devised to ensure the 
capture of each small mammal in as many parts of its home range as possible. 

A small mammal often will enter the first trap that it encounters after 
leaving its domicile. This procedure was in part eliminated by leaving a 
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Fig. 1. Trapping plots in mesquite association near Alamogordo, New Mexico. 
Solid lines enclose areas on which traps were set. Broken lines enclose caleulated areas 
from which mature male deer-mice were effectively trapped. 
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trap unset on the night following two consecutive captures of the same indi- 
vidual. There was always the possibility, however, that the animal would 
then be caught in the next adjacent trap. Therefore, the above described 
method for trapping different parts of the plot at different times was devised. 
The problem of localization of small mammal movements was recognized by 
Chitty (1937: 44), who moved his traps in a rectangular pattern every night. 
Such a solution would have been physically impracticable in the present 
investigation. 

Three different time intervals have been used in treating the various 
data: 

“‘Trap month.’’ This comprises the twenty-five-day period required to 
run through the trapping routine described above. One of these periods was 
completed in each month from March through May. In referring to these 
periods, only the month will be mentioned. The March period extended 
from March 4 to 29, the April period from April 1 to 25, and the May period 
from April 30 to May 24. The March period exceeded the others by one day, 
because of the full week of trapping at its beginning. 

““Half month.’’ This is the period for which calculations of populations 
and of concentrations were made. In the calculations the first twelve days 
of the ‘‘trap-month’’ period are considered one ‘‘half-month’’ period, and 
the last thirteen days are considered another. These periods will be men- 
tioned as the first half and the last half of the respective months. 

‘“‘Trap period.’’ This period has been used only in summarizing the 
breeding records of the males. It includes the consecutive days on which 
one-half of the plot was being trapped, including the ‘‘change-over’’ day on 
which only the outer traps were set. There are seven days in each period, 
since there is an overlap of one day in consecutive periods because of the 
change-over day on which traps were set on only half of each half plot. This 
overlap is made necessary by the method used in keeping field notes on 
breeding. 

TRAPPING METHODS 


The traps were of a standard type with a pressed-wood box large enough 
to accommodate kangaroo rats and spotted ground squirrels (Blair, 19410). 
Sunflower seeds were used as bait, and each trap was provided with cotton 
nesting material. 

The traps were set shortly before dark in the evening and usually were 
run shortly after daylight. On a few of the coldest nights the traps were 
run between 10 p.m. and 1 a.m., and those that contained mammals were left 
unset after the captures had been released. All of the mammals were re- 
moved from the traps and were then marked, recorded, and released at the 
point of capture. The traps were left unset during the day because of the 
sun’s heat. 

The mammals were marked by the ear-punching and toe-clipping method, 
except for the pocket mice, on which only the toes were clipped. 
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METHOD OF CALCULATING HOME-RANGE ARBA 


A previously used method for calculating home-range areas (Blair, 
1940a) was slightly modified, because here the traps necessarily were spaced 
irregularly instead of in a grid pattern. The outer limits of a given home 
range were drawn one-half the distance between the outer traps in which 
the animal was caught and the next adjacent traps. This is the same as was 
done when traps were set in a grid pattern. The only difference is that in 
this investigation the distance between any two pairs of traps seldom is the 
same. 

Some animals will have ranges that extend beyond the limits of any plot. 
To eliminate most of the fractional ranges, the ranges of individuals that 
were caught only in a strip 180 feet wide around the outer edges of the plots 
were arbitrarily excluded from the computations of average home-range 
size. Some of the included ranges, however, extended to the outermost lines 
of the plots and may have continued beyond the edge of the plot. ‘To have 
excluded them would have eliminated some of the largest ranges. 

In computing home-range size, the trap month (see p. 7) has been used 
as the temporal basis for the calculation of home ranges. In the case of an 
individual who moved to a plot near the end of a trap month, the data for 
the last trap period (seven days) of that month have been added to those 
for the following month. Likewise, if an individual disappeared from a plot 
shortly after the beginning of a trap month, the data for the first trap period 
of that month have been added to those for the previous month. In no ease 
have the data for more than one trap period been added to a trap month. 

Many of the small mammals caught on the plots were taken so few times 
that their complete home ranges obviously were not learned. Consequently, 
all home ranges based on less than the arbitrary number of ten captures were 
eliminated as incomplete, except in the case of the rare species, where the 
data have been recorded for what they show of home-range size. 

It was determined also whether or not each range calculated on ten or 
more captures ceased to increase in size before the last capture on which it 
was based. Only in the case of the female Perognathus penicillatus did all 
of the ranges cease to increase before the last capture (Table II). In the 
other classes, up to 20 to 40 per cent of the ranges increased slightly on the 
last time of capture. When the ranges that ceased to increase before the last 
capture were tabulated separately from those that increased with the last 
catch, however, there was no significant difference between the means. This, 
with the enormous range of variation in the number of captures necessary 
before a range ceased to increase (Table II), has'led me arbitrarily to include 
in the calculations all ranges based on ten or more captures. 

Haugen (MS), using a very different Spacing of traps and a different 
method of computing home-range size, apparently found more uniformity 
in the number of captures necessary to show the complete home range of a 
cottontail than 1s evident in my data. It is not surprising to me to find such 
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a great variation in the number of times that a small mammal must be 
trapped before its calculated home range ceases to increase. The area of a 
home range reflects many normal as well as what might be termed abnormal 
movements of its possessor. If an animal ranges widely on the first few 
nights of trapping, and, for some reason, less widely during later trapping, 
its calculated range may not increase after the first few times it is caught. 
If, on the other hand, the animal for one of many possible reasons does not 
venture far from its domicile during the first few nights of trapping and 
later ranges more widely, many captures may be necessary before its caleu- 
lated range ceases to increase. In fact, its range may not be entirely defined 
in the limited time in which home ranges usually must be calculated. 

In the statistical treatment of home-range size, standard errors rather 
than probable errors have been used. In comparing two means, a difference 
of 2.7 or more times its standard error is considered significant. 


METHODS OF CALCULATING POPULATIONS AND CONCENTRATIONS 


In calculating population density it has been kept in mind that many 
animals caught on a plot have ranges that extend beyond the limits of the 
trapping area. Therefore, one-half the width of the average home range 
has been added on each side of the plots to determine the area effectively 
trapped. Estimates of population density based on the area effectively 
trapped are consistently smaller and more accurate than those based merely 
on the area on which traps were set. One example should suffice to show the 
necessity for basing population estimates on the area effectively trapped. 
On plot B male Chihuahua deer-mice were being effectively trapped from a 
calculated area of 40.8 acres; but the traps were set out over an area of only 
17.7 acres. On the same plot female deer-mice were being effectively 
trapped from a calculated area of 39.0 acres. 

In computing concentration, the number of average home-ranges for each 
sex, age class, and species of mammal under consideration on the area effec- 
tively trapped is determined. Then, it is a simple matter to determine the 
concentration or average number of individuals per average home-range 
area. 

AGE CLASSES AND BREEDING CRITERIA 


Four age classes were recognized. Juveniles were those still completely 
in juvenile pelage. Subadults were those in which the juvenile pelage was 
being replaced by the first adult pelage. Young adults had the first adult 
coat, but they had not yet reached their full growth. Adults were fully 
mature in size. The age class determinations of the Peromyscus were more 
eritical than were those of the other mammals because of my greater famili- 
arity with all ages of these mice. For the purpose of summarization the 
juvenile and subadult classes in some parts of the text have been combined 


as an immature class. Young adults and adults have been combined as 
matures. 
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The location in the scrotum of testes large enough to be discerned by 
palpation was considered evidence of breeding activity of this sex. Scerotal 
testes were classified as large or medium in the field notes, but the two classes 
have been combined in summarizing the data. If the testes were indis- 
cernible because of their small size, this was taken as evidence of sexual 
inactivity. 

Two criteria of breeding of female Cricetidae were used. Late stages of 
pregnancy were evident from the external appearance of the females. The 
condition of the mammae indicated whether or not a female was suckling 
young. In female Heteromyidae a third clue to sexual activity was avail- 
able, for a gelatinous plug forms in the vagina of these females following 
copulation. : 

SPECIES ACCOUNTS 


Peromyscus maniculatus blandus 


The Chihuahua deer-mouse was the main object of the study, and, conse- 
quently, the plots were laid out in an area that; in the fall of 1938, had the 
greatest deer-mouse population of any area of mesquite association in the 
central Tularosa basin. On plot A sixty-six deer-mice were trapped in three 
months, and on plot B forty-three were caught in two months. 


HOME RANGES 


The home ranges of neither males nor females showed any significant 
size variation from month to month. Therefore, the calculated home ranges 
for each of the three months have been combined to determine the mean 
monthly home-range size. Thirty-one home ranges of mature males caught 
an average of 18.8 times per month averaged 4.66 + 0.33 acres. The largest 
range of a mature male comprised 9.92 acres in May, and the smallest com- 
prised 2.08 acres in the same month. A mature male that was caught in all 
three months ranged over 3.53 acres in March, 3.22 acres in April, and 2.71 
acres in May. Another male ranged over 8.00 acres in March, 5.76 acres in 
April, and 5.27 acres in May. 

Twenty-one mature females caught an average of 17.5 times per month 
had an average home range of 4.10 + 0.39 acres. The largest range of a 
mature female comprised 8.70 acres in April, and the smallest comprised 1.66 
acres in March. The home range of one female that was on plot A during 
all three months comprised 5.48 acres in March, 5.51 acres in April, and 6.41 
acres in May (Fig. 2). 

There is no significant difference in the size of the male and the female 
home ranges. This is particularly interesting because in the subspecies 
gracilus (Blair, 1942) the home ranges of the males are significantly larger 
than those of the females. 

The home ranges of both male and female blandus are significantly larger 
than those of bairdii of the blue-grass association in southern Michigan and 
of gracilis of the beech-maple association in northern Michigan. The differ- 
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ence between the means for mature male blandus and gracilis is 2.85 + 0.48 
acres. Between the means for mature female blandus and gracilis, the dif- 
ference is 2.71 + 0.42 acres. 

The home ranges of both male and female deer-mice overlapped broadly 
in all of the months of trapping on both plots. This is indicative of wide- 


Fic. 2. Calculated home range of adult female deer-mouse in each of three trap 


months. Dots indicate traps. Circular symbols show traps in which this individual was 
caught during each trap month. 


spread intrasexual tolerance among individual deer-mice. A similar rela- 
tionship of individual home ranges existed among deer-mice of the subspecies 
buirdu and gracilis. 

The month to month fluctuations in the home range of one mature female 
deer-mouse are shown in Figure 2. The general location of the range re- 
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mained the same in all of the three months. Minor variations occurred, 
however, in each month. In March this animal ranged farther northeast 
than in any other month. In May it ranged farther southwest than in the 
other months. Otherwise, the limits of the monthly ranges differed little. 
It is interesting that several traps near the center of the range were never 
entered. The central area possibly was unattractive to this deer-mouse or 
was avoided for one of several possible reasons. The minor fluctuations in 
the home range of this individual are representative of those in the home 
ranges of the deer-mice of the mesquite association. 


POPULATIONS AND CONCENTRATIONS 


The average number of deer-mice per acre was about the same on both 
plots A and B. Consequently, the data for both areas have been combined 
to show the average population density of this species in the mesquite asso- 
ciation at the time of the field work (Table III). The greatest density of 


TABLE III 


AVERAGE POPULATIONS OF DEER-MICE (Peromyscus maniculatus blandus) PER ACRE IN 
MESQUITE ASSOCIATION. Two PLOTS COMBINED 


cos eee een ee ore 

—— | 
MVEA GURC 2 O) acerca: 14 27 14 25 20 23 
viernes ett eases 16 .30 21 35 ol 30: 
hemereN vier NOP Sewers ucts .05 02 03 04 04 
EMMA GUTCm ue eeern|lee cae 05 204 Tipe eee ete ieee 03 
ERO bal signet ee sete 30 .67 Al 63 55 63 


mature females, an average of 0.27 individuals per acre, was in the second 
half of March. The maximum density of mature males was in the second 
half of April, an average of 0.35 individuals per acre. Most immature deer- 
mice were caught during the second half of March, when there was an aver- 
age of 0.10 immatures per acre. The maximum density of all sexes and ages 
of deer-mice, an average of 0.67 deer-mice per acre, occurred in the second 
half of March. The drop to 0.41 deer-mice per acre in the first half of April 
can in large part be explained. In the last half of March a thoughtless 
hunter set some of our inactive traps on plot A, and before this was discov- 
ered several deer-mice entered them and died. The deer-mice of plot A 
recovered from the loss as other individuals moved to the plot, so that in the 
last three periods the population density was only a little less than the March 
maximum. 

The data on population density indicate that deer-mice were not numer- 
ous at the season that the trapping was being done. The five-toed and four- 
toed kangaroo rats and the pocket mouse were more numerous than the deer- 
mouse on plot A, and the last two species outnumbered it on plot B. 
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The average number of deer-mice per home-range area in each trapping 
period is listed in Table IV. The data for the two plots have been com- 


TABLE IV 


AVERAGE NUMBER OF DEER-MICE (Peromyscus maniculatus blandus) PER TLOME-RANGE 
AREA IN Mesquite ASSOCIATION. Two PLOTS COMBINED 
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bined. The greatest concentration of mature females was in the second half 
of March, when there was an average of 1.09 females per home-range area. 
In only one other period, the last in April, was there an average of one or 
more mature females per home range. The least concentration of mature 
females was in the first half of April, when these averaged only 0.57 indi- 
viduals per home-range area. The greatest concentration of mature males, 
an average of 1.64 males per home-range area, was in the last half of April. 
In three other periods there was considerably more than one male per home 
range. The least concentration of mature males, an average of only 0.76 
males per home-range unit, was in the first half of March. The concentra- 
tion of immature deer-mice always was slight. The greatest concentration 
of immature males and females combined was in the second half of March, 
when there was an average of 0.38 immatures per home range area. 


BREEDING 


A period of little or no breeding activity prior to the initiation of field 
work in early March was indicated by the fact that no immature deer-mice 
were caught before the third trapping period in March. In fact, it appears 
that the trapping was begun, as was planned, at approximately the time the 
spring breeding season began. 

In March seven (64 per cent) of eleven mature females examined ap- 
peared to be pregnant or to be suckling young. In April seventeen (77 per 
cent) of twenty-two mature females appeared at some time to be pregnant 
or suckling. In May sixteen (67 per cent) of twenty-four mature females 
appeared pregnant or suckling. This does not mean that most of the 
females bore litters in every month, for only a few of the females were 
caught in all three months. One female that was under almost daily obser- 
vation from the first to the last day of trapping bore three litters during the 
three months. Another that was observed in all three months apparently 
bore only one litter. ; 


In the males, general sexual activity was indicated by the enlarged testes. 
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Only 75 per cent of the mature males were sexually active in the first March 
trap period. Mature males were all sexually active in all other periods ex- 
cept the third March and second and third May periods. In these last 
periods, respectively, 87, 87, and 77 per cent of the mature males were in 
breeding condition. Three subadult deer-mice were in breeding condition, 
and two juveniles had enlarged testes. Sexual maturity sometimes is at- 
tained before the juvenile coat is shed. 

That deer-mice breed during the fall in the Tularosa Basin was indicated 
in 1938, when numerous immatures were caught between October 11 and 
December 7. There is evidence also that at least some breeding takes place 
during the summer. Dice (1930: 25) recorded three pregnant females 
taken at Alamogordo between July 9 and 12. 


MOVEMENTS 


Attempts to learn the distance of dispersal of deer-mice by the use of 
nest boxes failed, presumably because there were so many natural refuges 
available that the nest boxes did not appeal to the mice. The only records 
of movements of deer-mice from one home range to another were obtained 
when individuals moved from one of the trapping plots to another or when 
we set temporary lines beyond the limits of the plots. The amount of 
trapping that could be done outside of the plots was limited by the extensive 
nature of the trapping plots. 

Such records of movements as are available are extremely interesting 
and give an indication of how far deer-mice sometimes may move. A young 
adult female appeared on plot A on May 1 and stayed until May 6. On 
May 8 she appeared on plot B, approximately 2000 feet away. On May 9 
she was back on plot A, where she stayed until May 16. On May 18 she 
was back on plot B, where she stayed until May 28. On May 24, the last 
day of trapping, she was back on plot A. This female, therefore, made two 
round trips between the two plots, traveling a distance of about 2000 feet 
each time she moved from one plot to the other. Another female, an adult, 
appeared on plot A on April 15 and stayed until April 18. On April 20 
she appeared about 2300 feet away on plot B, where she stayed until the end 
of trapping on May 24. Another adult female that moved away from plot 
A was caught in a trap about 1200 feet from where she previously had 
resided on the plot. 

An adult male resident of plot A was caught in a trap about 1200 feet 
away. Another adult male appeared on plot A on March 19 and stayed 
until March 21. On March 23 he was caught in a trap about 1300 feet away. 
On March 24 he was back on the plot, but on March 29 he again was caught 
about 1300 feet away. This animal never was caught again. 

The available data on movements indicate that journeys of more than 
one-third of a mile are not uncommon. 
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Peromyscus leucopus tornillo 


Hight wood mice were trapped on plot A during April and May, whereas 
none had been caught there in March. Eleven wood mice were taken on 
plot B during April and May, but three of them previously had been re- 
corded on plot A. The records of these animals not only provide interesting 
information about the movements of this species but give some indication 
of the size of the home range. 


HOME RANGES 


The size of the calculated home ranges of the mature wood mice that 
were caught seven or more times is listed in Table V. Most of these indi- 


TABLE V 


CALCULATED HomEe RancEs or ADULT Woop Micre (Peromyscus leucopus tornillo) 
IN MESQUITE ASSOCIATION, APRIL AND May, 1940 
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viduals probably were caught too few times to indicate the full extent of 
their home ranges. The largest home range of a mature male comprised 4.2 
acres after the animal had been taken nine times. The largest home range 
of a female comprised 5.5 acres after she had been trapped twenty times. 
The size of her calculated home range failed to increase with the last three 
captures. It is interesting that one male had almost equal-sized calculated 
home ranges in both April and May, even though he was caught only seven 
times in April contrasted to fourteen times in May. 

The four home ranges of mature male wood mice averaged 3.1 acres. 
The two home ranges of mature females averaged 4.5 acres. Such data as 
are available suggest that, in the mesquite association, the wood mice have 
home ranges of approximately the same size as those of the deer-mice. The 
range of these wood mice in the mesquite association is much larger than 


the range of the subspecies noveboracensis in the oak-hickory association of 
southern Michigan (Burt, 1940: 26). 


POPULATIONS AND CONCENTRATIONS 


No wood mice were caught on plot A during the month of March. Two 
mature females and three mature males appeared on this plot during the 
first half of April. During this period there was an average of 0.18 wood 
mice per acre. Most of the wood mice soon disappeared, and in the three 
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remaining half-month periods the average number of wood mice per acre 
varied from 0.05.to 0.10 individuals. On plot B there was one mature male, 
or an average of 0.06 individuals per acre, in the first half of April. In the 
three subsequent half-month periods there was an average of, respectively, 
0.13, 0.11, and 0.19 individuals per acre. All of the wood mice were adults 
except one juvenile male taken on plot B in late May. 

The trap records of both plots indicate that the wood mouse was rela- 
tively scarce in the mesquite association. In the Tularosa Basin the wood 
mouse reaches its greatest abundance in the grassy wash association. In the 
fall of 1938, by rough estimate, there were from ninety to one hundred 
wood mice per acre of grassy wash association near Tularosa (Blair, 1941d). 
In the spring of 1940, twenty-four wood mice were trapped from not more 
than ten acres of grassy wash association near Alamogordo in less than a 
week. 

The greatest concentration of wood mice on plot A was in the first half 
of April, when there was an average of 0.22 females and 0.25 males per their 
respective, average home-range areas. On plot B the greatest concentration 
of females was in the last half of April and in all of May, when there was 
an average of 0.22 adult females per home-range area. The greatest con- 
centration of male wood mice on plot B was in the last half of May, when 
there were 0.35 mature and 0.09 immature males per home-range area. 

Of the sixteen wood mice recorded from the two plots, the males outnum- 
bered the females three to one, twelve males and only four females. 


BREEDING 


The male wood mice for the most part gave evidence of sexual activity 
during the two months, April and May, that they were living on the plots. 
In April one of two males examined in the first trap period was sexually 
active, two of three in the second period, all of four in the third, and two 
of three in the fourth period were active. In May both of two males in the 
first period, both of two in the second, all of four in the third, and two of 
three in the fourth period were sexually active. In addition, one juvenile 
male in the fourth May period had enlarged testes, which indicates that 
breeding may begin before the juvenile coat is lost. 

Of the five adult female wood mice, one appeared pregnant about the 
middle of April and again near the middle of May. Another appeared 
pregnant about the first of May. The three other females indicated poten- 
tial breeding by their prominent mammae, but they were not trapped over 
a sufficiently long period to determine whether or not they became pregnant. 


MOVEMENTS 


No wood mice were taken on plot A during twenty-eight days of trapping 
in March. During April four adult males and two adult females appeared 
on this plot, and two more adult males appeared there during May. The 
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first male was caught on April 1, and another appeared the next day. The 
first male stayed seven days on the plot, then disappeared. The second 
stayed only two days before disappearing. Two adult females were caught 
on plot A on April 7. One of these was last caught on plot A on April 13 
and appeared on April 15 about one-half mile away, on plot B, where she 
remained until April 21. The other female stayed on plot A until April 
13, then disappeared, but reappeared on May 7 and 8. An adult male ap- 
peared on plot A on April 10 and remained until April 13. This animal 
appeared on plot B, about one-half mile away, and remained until April 23 
when it died in a trap. It is interesting that this male and one of the 
females disappeared from plot A on the same date and that both appeared 
on plot B two days later. Possibly, they traveled together in moving from 
one plot to the other. Another adult male appeared on plot A on April 16 
and stayed until April 26. One adult male appeared on plot A on May 10 
and stayed until May 12. This animal appeared on plot B, about one-half 
mile away, on May 14 and stayed until the end of trapping. A young adult 
male apparently passed through plot A on May 16, for it was taken there 
only once. 

One immature and seven adult wood mice moved to plot B in addition 
to the three adults that moved there from plot A. No wood mice apparently 
resided on the plot when trapping was begun; none was taken there during 
the first six days of April. An adult male transient was recorded on April 
7. An adult male appeared on April 10 and stayed until May 16. An 
adult female appeared on April 13 and stayed until April 25. An adult 
male was first taken on April 15 and was last taken on May 20. Another 
adult male appeared on May 1 and disappeared after May 3. One adult 
female was on the plot from May 10 to 12. An adult male appeared on 
May 19 and remained until the end of trapping. An immature male ap- 
peared on plot B on May 20 and disappeared after May 22. 

The trap records of the wood mice seem to indicate nomadic tendencies 
for this species in the mesquite association during April and May. The 
movements of the deer-mice to the plots and away from them were not dis- 
persal movements of young animals. Rather, they were, with one exception, 
movements of fully mature breeding animals that appeared to be at least six 
months or more of age. The movements to both plots represented invasion 
of areas that were, so far as known at that time, uninhabited by the species. 
Some of the wood mice settled there more or less permanently. Some others 
established residence for rather short periods of time. Others merely passed 
through the plots. The movement of three individuals from one plot to the 
other indicates that movements of as much as one-third to one-half mile are 
not uncommon in this species. The fact that in all three interplot move- 
ments one night elapsed between the capture of the mice on plot A and their 
capture on plot B gives an indication of the speed of travel of the wood mice. 
The fact that one male and female moved from one plot to the other at the 
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same time possibly indicates that wood mice sometimes travel in pairs in 
moving from one area to another. 


Citellus spilosoma major 

No attempt was made to mark and study the movements of the spotted 
ground squirrels of the mesquite association. These animals, being diurnal, 
got into the traps only occasionally. Those that were caught were removed 
from the area for a study of their pelage color. Ten individuals, of which 
seven were males and three were females, were trapped on and near plot A. 
None was caught on plot B. It seems unlikely that all of the ground squir- 
rels living on plot A were caught, nor is it safe to assume that none was 
living on plot B. The available data, however, point to a greater concentra- 
tion of ground squirrels on plot A than on plot B. 

A female that was trapped on the White Sands gave birth to six young 
on May 14. 


Perognathus penicillatus eremicus 
This pocket mouse was fairly numerous on both plots. Sixty-seven indi- 
viduals were caught on plot A, and thirty-three were recorded on plot B. 
The trap records provide information about the size of the home ranges, 
population density, and breeding season of these pocket mice. 


HOME RANGES 


So many pocket mice died of cold in the traps that only a small fraction 
of all those on the plots were caught a sufficient number of times to indicate 
the size of their home ranges. Ten ranges of mature males, based on an 
average of 14.7 catches each per month, averaged 2.72 + 0.48 acres. The 
largest home range of a male comprised 5.54 acres in May; the smallest, 1.23 
acres in the same month. The home ranges of six mature females that were 
caught an average of 12.7 times per month averaged 1.09 + 0.14 acres. The 
largest home range of a female comprised 1.48 acres in May; the smallest 
0.52 acres in the same month. The home ranges of the mature male pocket 
mice averaged significantly larger than those of the females, for the differ- 
ence in the means is 1.63 + 0.50 acres. 

With eleven mature females on plot A in March, the known home ranges 
of three overlapped rather broadly. In two instances two different females 
were in the same trap on consecutive nights. In April the nine known home 
ranges and fractions of home ranges of mature females on plot A failed to 
overlap, with one exception in which there was a slight overlapping of two 
ranges. In May, on the same plot, there were twelve mature females, and 
in only one case was there even a slight overlapping of home ranges. On 
plot B there was no overlapping of the six known ranges of mature females 
in April, nor of the ranges of eleven females in May. It appears probable 
that the home ranges of the mature female pocket mice are mutually exelu- 
sive during the breeding season. In March, when there was little evidence 
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of sexual activity, the known home ranges of females did overlap to some 
extent. In April and May, after the onset of the breeding season, the ranges 
of females showed virtually no overlap. 

The home ranges of the mature male pocket mice broadly overlapped 
during every month of trapping on the two plots. It seems evident, there- 
fore, that the home ranges of the males are not mutually exclusive either in 
or out. of the’ breeding season. ‘The home ranges of the males broadly over- 
lapped those of the females. 


POPULATIONS AND CONCENTRATIONS 


The population of pocket mice on plot A was lower in the first half of 
March than at any other time during the study. In this period there were 
seven males and three females or an average of 0.29 individuals per acre. 
The population of pocket mice on plot A reached its greatest density in the 
first half of May, when there were ten females and fifteen males, an average 
of 0.77 individuals per acre. On plot B the smallest population was re- 
corded in the first half of April, when there were three males and one female, 
an average of 0.14 individuals per acre. The largest population on plot B 
was found in the last half of May, when there were nine females and thirteen 
males, an average of 0.70 individuals per acre. 

The greatest concentration of female pocket mice was on plot A in the 
last half of March, when there was an average of 0.41 individuals per average 
home-range area. The concentration of females on plot A was at a low of 
0.11 individuals per home-range area in the first half of March and the last 
half of April. On plot B the greatest concentration of females was in the 
last half of May, when there were 0.35 females per average home-range area. 
The least concentration of females on plot B, an average of 0.04 individuals 
per home-range area, was in the first half of April. It is evident that at no 
time during the trapping were the female pocket mice greatly concentrated 
on either plot, for there always was an area equivalent to at least two or 
more average home ranges available for every female recorded on the plots. 

The concentration of adult male pocket mice on plot A averaged less 
than one individual per home-range area only in the first half of March, 
when there was a low of 0.52 males. In the last half of March the concen- 
tration was up to 1.04 males per home-range area, and in the first half of 
April it reached a high of 1.38 individuals. On plot B the concentration 
of males was low during April, with averages for the half months of, 
respectively, 0.24 and 0.55 males per home-range area. In May the concen- 
tration of males on plot B averaged 1.02 individuals per home range. It 
is obvious that the male pocket mice were consistently more concentrated 
on both plots than were the females, for after the middle of March on plot A 
and after the first of May on plot B there was an average of at least one 
male per home-range area. 

Cahalane (1941: 62) calculated that there was an average population of 
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9.9 individuals of this species in an area of mesquite and grass in the San 
Simon Valley, Arizona, in late August, 1933. He pointed out, however, 
that the size of the home range, which is necessary for determining the 
area effectively trapped, was not known. If the area effectively trapped 
in his work is determined from the average home ranges on my plots, his 
average of 9.9 individuals per acre drops to 3.2 per acre. 

Of the total pocket mice trapped on my two plots, thirty-nine (39 per 
cent) were females and sixty-one (61 per cent) were males. The excess of 
males is accounted for in part by the fact that, because of their larger home 
ranges, males were caught from greater distances from the actual trapping 
areas than were females. This error is, in large part, eliminated by calcu- 
lating the sex ratio from the’average number of individuals of each sex 
per acre effectively trapped. On this basis the female pocket mice com- 
prised 44.3 per cent and the males 55.7 per cent of the average number of 
individuals caught per acre. The remaining discrepancy between the num- 
ber of males and females probably is accounted for by the greater wandering 
tendency of the males. 


BREEDING 


The testes of the male pocket mice examined in March were mostly small 
or medium in size, which indicated that the breeding season was then just 
beginning. In April and May the testes of the males examined were mostly 
large and indicative of general reproductive activity. No sexual activity 
of females was noted until the trap period of April 19 to 25, when one of 
four females examined appeared to be pregnant. There was increased evi- 
dence of sexual activity of the females in May. Among twenty-three females 
examined in May, nine had vaginal plugs that indicated recent copulation, 
and five others appeared to be pregnant. 


Perognathus flavus flavus 

This little pocket mouse was one of the rarest species of the mesquite 
association, and only three individuals, of which one previously had been 
released near by, were recorded on the two plots. An adult male was taken 
on May 11 on plot B, and an adult female was taken 180 feet distant on 
May 15. The condition of the mammae of the female indicated that she 
recently had suckled young, and the enlarged testes of the male showed 
that he was in breeding condition. 

An adult female that had been trapped on the White Sands was released 
near plot A. This individual later was caught on plot A, about 1200 feet 
from the point of release. Ten days after the first recapture it again was 
trapped on plot A about 400 feet from the point at which it first was retaken. 


Dipodomys ordu ordu 
The five-toed kangaroo rat was the most abundant species of mammal on 
plot A, where eighty-four were trapped in three months. On plot B, where 
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only twenty-eight were caught in two months, this species was exceeded in 
abundance by the four-toed kangaroo rat, by the deer-mouse, and by a 
pocket mouse. 

HOME RANGES 


Ag the home ranges of the male five-toed kangaroo rats did not vary 
significantly from month to month, the home ranges for the three months 
have been combined to show the average size of the male ranges. Thirty-two 
home ranges of mature males caught an average of 17.1 times per month 
averaged 3.41 + 0.25 acres. 

The largest home range of a male comprised 6.93 acres in May, and the 
smallest comprised only 0.51 acres in April. The amount of month to month 
variation in the home ranges of individual males is shown by the records of 
four males that were caught frequently in all three months. One male had 
a calculated range of 3.42 acres in March, 3.44 acres in April, and 2.79 acres 
in May. Another had a range of 3.63 acres in March, 3.82 acres in April, 
and 2.73 in May. A third male had a range of 1.18 acres in March, 2.73 
acres in April, and 2.61 acres in May. <A fourth had a range of 4.59 acres 
in March, 3.50 acres in April, and 5.02 acres in May. 

The three home ranges of mature females recorded for March were so 
much smaller than most of those for April and May that they have been 
treated separately. The March ranges averaged 1.09 + 0.36 acres, and the 
twenty-three ranges for April and May averaged 3.29 + 0.47 acres. The 
difference between the two means is 8.7 times its standard error, a difference 
of 2.20 + 0.59 acres. The mature females whose ranges were calculated 
were caught an average of 16.0 times each month. 

The largest home range of a mature female comprised 10.41 acres in May. 
The smallest comprised 0.32 acres in March. This is indicative of consider- 
able individual variation in home-range size. The amount of month-to- 
month variation in the size of the home range of an individual female is 
shown by the ranges of one female that was caught in all three months. 
In March the range of this animal comprised only 0.32 acres, in April, 2.27 
acres, and in May, 3.38 acres. The average home ranges of the females 
in April and May did not differ significantly in size from those of the males. 

The home range of each male and female usually was in the same general 
place so long as the animal was on the plot. The fluctuations in size of 
range generally were due to fluctuations in the limits of the range, rather 
than to an actual change of range from one locality to another. 

The home ranges of breeding animals of both sexes broadly overlapped 
the ranges of other members of both sexes. In spite of the fact that several 
individuals of the same sex were living in the same general area, some parts 
of both plots were unoccupied by this species. The concentration of these 
kangaroo rats in certain places, while near-by areas were untenanted, was 
most striking on plot B. Most of the five-toed kangaroo rats were con- 
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centrated on roughly one- dra of the sos but. approximately one-half of 
the plot had none of this species. 


POPULATIONS AND CONCENTRATIONS 


Five-toed kangaroo rats were much more numerous on plot A than on 
plot B. Consequently, the average populations of this species per acre on 
the two plots have been treated separately (Table VI). On plot A the 
greatest number of mature females occurred in the last half of April, when 
there was an average of 0.51 individuals per acre. On plot B the maximum 
number of mature females was present in the last half of May, when there 
was an average of only 0.25 per acre. Thus, the maximum population of 
mature females on the former plot was approximately twice that on the 
latter. 

TABLE VI 


AVERAGE POPULATIONS OF FIVE-TOED KANGAROO Rats (Dipodomys ordii ordii) PER ACRE 
oN EacH oF Two PLOTS IN THE MESQUITE ASSOCIATION 


March reh Apri i 0 = 
1 Se fay on pat se | ee ee ee) gy 
Mature 9 0.24 0.20 0.35 0.51 | 0.40 i 0.40 
Mature ¢ 0.46 0.49 0.71 0.63 0.58 0.61 
mma tUremwOw eres kathy Wo Rese 0.03° 0.03 0.03 0.11 
immature: 6 scen0s.. meres |, URE 0.03 0.03 30 See ee 
EM Oba Si? ieeen@.sce east. 0.70 0.69 Mell 24 1.20 1.06 1.12 
Plot B 
IM DUT OREO Vs coere aS) 0.16 0.14 0.19 0.25 
Deaths A acitinleisionse sy 0.14 0.14 0.14 0.16 
Immature Q cece & ode TT gers 0.05 0.08 
Immature ¢ ee ca savers 0.08 0.03 
UNG EM ICIS Ces eyeemerrerorreeae Z 0.30 0.28 0.46 0.47 


Mature males on plot A were most abundant in the first half of April, 
when there was an average of 0.71 individuals per acre. On plot B the 
maximum number of mature males occurred in the last half of May, when 
there was an average of only 0.16 individuals per acre. It is evident that 
mature males were from four to five times as abundant on the former as on 
the latter plot in every period in which the two were compared. 

The unequal proportions of males to females on the two plots are ex- 
tremely interesting. On plot A there always were more males than females, 
and in three of the periods males exceeded females two to one. On plot B 
the females equaled or exceeded the males in abundance in every trapping 
period. It is evident that in this species at least marked local fluctuations 
in the sex ratio may occur. The condition observed here is unusual in small 
mammals. Generally, the sex ratio is even, or the males are slightly more 
numerous than the females. 


Immature five-toed kangaroo rats were not numerous on the plots. The 
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greatest number of immatures of both sexes were on plot B during the first 
half of April, when there was an average of 0.13 immatures per acre. The 
greatest average of five-toed kangaroo rats of all sexes and ages occurred 
on plot A during the last half of April, when there was an average of 1.20 
individuals per acre. On plot B the maximum was reached in the last half 
of May, when there was an average of 0.47 five-toed kangaroo rats per acre. 

The average number of five-toed kangaroo rats of the several sex and 
age classes per home-range area is shown in Table VII. The greatest con- 
centration of mature females was on plot A in the last half of April, when 
there was an average of 1.67 females per home-range area. Mature males 
were most concentrated on plot A during the first half of April, when there 
was an average of 2.43 individuals per home-range unit. Immatures were 
not very heavily concentrated, for the average was no more than a small 
fraction of one individual per home-range area. 


TABLE VII 


AVERAGE NUMBER OF FIVE-TOED Kangaroo Rats (Dipodomys ordi ordi) PER HOME- 
RANGE AREA ON EACH oF Two PLOTS IN THE MESQUITE ASSOCIATION 


Plot A March March April April April 30- May 
4-16 17-29 1-12 13-25 May 11 12-24 
Mis G Uren Olmaiee snes 0.26 0.22 1.14 1.67 1382 1.32 
Mature 4 ...... 1.58 1.67 2.43 2.16 1.98 2.07 
immature me Oe wees | bee Me 0.09 0.09 0.09 0.35 
OAT G TUT Olas Cure | mn eae || = 0.09 0.09 O38) eee 
Plot B 
Mature @ ...... =) 0.54 0.45 0.63 0.81 
Mature @ ...... 28 0.46 0.46 0.46 0.56 
Immature Ouse: a il Wee eet OM! ees 0.18 0.19 
Immature, Qo cen ECP 0 oie fl ee ee | eee 0.28 0.09 
BREEDING 


The breeding season of ordii evidently started shortly before trapping 
was begun in early March, for no young of the year were caught before early 
April. That breeding still was in progress when trapping was discontinued 
in late May was shown by the sexual condition of the animals living on the 
plots. Fall and early winter breeding of this species in southern New 
Mexico is indicated by a breeding male collected on October 11, 1938, also 
by records published by Bailey (1931: 268). Whether breeding continues 
throughout the summer or is broken into spring and fall periods is not yet 
known. 

In each trapping period 84 to 100 per cent of all of the males on the plots 
were sexually active, as indicated by their enlarged testes. Immature as 
well as adult males are included in these calculations, for several of the 
juvenile and subadult males had large testes in the scrotum. 

Three criteria of sexual activity of female kangaroo rats were used. Late 
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stages of pregnancy were indicated by the distended abdomen, Females that 
were suckling young indicated this fact by. the condition of their mammae. 
In addition, a gelatinous plug that forms in the vagina of female kangaroo 
rats following copulation was an excellent indicator of sexual activity. This 
last phenomenon previously has been described for the species Dipodomys 
spectabilis by Vorhies and Taylor (1922: 17). 

At some time during March eight (89 per cent) of the nine females ex- 
amined either were suckling young, apparently pregnant, or exhibited a 
vaginal plug. In April twenty-nine (94 per cent) of the thirty-one females 
examined at some time exhibited one or more of the criteria of sexual 
activity. In May twenty-nine (88 per cent) of the thirty-three females 
examined were at one or moré times pregnant, lactating, or had recently 
copulated. Several juvenile and subadult females were found with vaginal 
plugs which, with the breeding of immature males, proves that the five-toed 
kangaroo rats like many other rodents become sexually active long before 
they are fully grown. 

Two females that were caught frequently in all three months apparently 
gave birth to, respectively, three and four litters. The first of these females 
- had a vaginal plug in the first March period and was pregnant, near term, 
in the first April period. In the third April period she again appeared 
pregnant, and in the first May period she was suckling young. In the third 
May period she again appeared to be pregnant. The other female was 
suckling young when first caught in the second period of March. She had 
a vaginal plug in the third and fourth March periods, and appeared preg- 
nant in the first April period. She again appeared pregnant in the last 
April period and on April 23 gave birth, in a trap, to two young. She again 
appeared pregnant in the last May period. Eleven of the females that were 
caught in two months gave evidence of copulating at least twice during that 
period, and in several of these cases two litters evidently were produced. 

In some of the females the vaginal plug persisted for a long time without 
any discernible evidence of pregnancy. One female had a recent plug when 
first examined in the first April trap period, and she subsequently had a plug 
in every trapping period until the work was discontinued on May 24. It is 
not certain that the same plug persisted throughout this entire period. 
Rather, it seems quite possible that copulation took place several times. 
Other females had vaginal plugs that persisted almost as long as in this 
example. In some cases a plug persisted for a considerable period, and then 
was replaced by an obviously later one. 

All of my observations of breeding of the five-toed kangaroo rat in 
southern New Mexico indicate a high rate of increase of the species there. 
There is a breeding season of at least three months in the spring, and there 
is at least some reproduction in the fall. In the spring most mature females 
produce at least two, and sometimes more, litters of young. Furthermore, 
the young of the year begin breeding long before they reach adult size, thus 
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augmenting greatly the multiplication of the species during the spring 
season. The rapid rate of reproduction indicated for this species contrasts 
markedly with the ‘‘surprisingly low rate of reproduction’’ for which 
Vorhies and Taylor (1922: 18) found evidence in another species (Dipodo- 
mys spectabilis). 

MOVEMENTS 


Only one record of the distance of a movement of a five-toed kangaroo 
rat, other than within the home range, was obtained. A subadult female 
appeared on plot B on May 8. This animal appeared on plot A, some 2000 
feet distant, on May 9 and stayed until May 11, after which it was not taken 
again. 

Dipodomys merriam ambiguus 


The four-toed kangaroo rat was the most abundant species of mammal 
on plot B, where seventy-four individuals were caught in two months. On 
plot A, where seventy were trapped in three months, it was exceeded in 
abundance only by the five-toed kangaroo rat (Dipodomys ordi). 


HOME RANGES 


The home ranges of mature males of this species, like those of the five- 
toed species, did not vary significantly in size from month to month. Conse- 
quently, all of the home ranges of mature male merriami have been combined 
to determine the average home-range size. The average of fifty-seven home 
ranges of males, based on an average of 16.6 captures per month, was 4.07 + 
0.24 acres. The largest home range of a male comprised 8.78 acres in May. 
The smallest comprised 1.18 acres in April. 

Usually, each of these kangaroo rats, like individuals of most of the other 
species on the plots, remained in one general locality, although the exact 
limits of each calculated home range fluctuated somewhat from month to 
month. Calculated home ranges are available for four males in each of the 
three months of trapping. The male that exhibited the greatest monthly 
difference in home-range size had a calculated range of 6.44 acres in March, 
3.14 acres in April, and 1.95 acres in May. His range in March was 4.49 
acres larger than the area over which he was known to have ranged in May. 
The male with the least monthly variation in home-range size had a caleu- 
lated range of 2.41 acres in March, 2.83 acres in April, and 3.08 acres in May. 
His range was only 0.67 acres larger in May than it was in March. 

The home ranges of mature females, like those of the five-toed species, 
averaged considerably smaller in March than in the two following months. 
Therefore, the March home ranges have been treated separately from the 
others. In March eight home ranges, based on an average of 14.5 captures, 
averaged 1.94 + 0.22 acres. In April and May twenty-seven home ranges, 
based on an average of 18.3 captures, averaged 3.88 + 0.51 acres. The 
March ranges were significantly smaller than those for April and May, the 
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difference in the means being 1.94 + 0.55 acres. Although the number of 
March ranges was small for both species of kangaroo rats, the parallel condi- 
tion in the two species lends weight to the evidence that those females ranged 
over smaller areas in March than in the later months. Data now available 
do not suffice to account for the small size of the female home ranges in 
March. 

The largest home range of a female comprised 12.52 acres in April. The 
next largest comprised 11.81 acres in the same month. The smallest com- 
prised only 1.17 acres in May. The range of variation in home-range size 
is greater than in any other small mammal of which I know. The third 
largest range comprised only 5.89 acres. The two largest ranges are puz- 
zling, because they so greatly ‘exceed the other female ranges. The large 
calculated range of one of these females possibly was due to a shift in range, 
as the animal never again was taken on the particular part of the plot on 
which it first was caught. No such possible explanation can be given for the 
other large range, and it seems probable that this merely was an unusually 
wide-ranging individual. 

There was no significant difference in size between the home ranges of 
the male merriami and the April-May ranges of the females. Neither was 
there any significant difference between the ranges of the merriami and those 
of the species ordi. 

Four immature females, caught an average of 14.2 times each, had an 
average home range of 4.56 acres. No immature males were caught a suffi- 
cient number of times to indicate the size of their home ranges. 

The home ranges of both males and females broadly overlapped others 
of the same sex on both plots in every month of trapping. 


POPULATIONS AND CONCENTRATIONS 


The four-toed kangaroo rat was approximately equal in abundance on 
both of the trapping plots. Consequently, the population data for the two 
plots have been combined to show the average number of individuals per unit 
area at that season of the year (Table VIII). The greatest density of mature 
females was in the last half of May, when there was an average of 0.45 indi- 


TABLE VIII 


AVERAGE POPULATIONS OF FouR-TOED KANGAROO Rats (Dipodomys merriami ambiguus) 
Per ACRE IN Mesquite AssocIATION. Two PLOTS COMBINED 


March March April April April 30- May 

ole 4-16 17-29 1-12 13-25 | Mayll | 12-94 

Mature Q reicccnunnn 0.24 0.27 0.33 | 0.35 0.39 0.45 
Mature  oecccccunue 0.39 0.46 0.56 0.50 0.47 0.46 
UTA TEAGUTC Ge wt) ee canned ee) ill Vines 0.01 0.07 0.11 
ATA GUTOM ete West [Pans O02 We reece 0.03 0.06 
PRO BANS fa dina ttkestnensnie 0.63 0.73 0.91 0.86 0.96 1.08 
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viduals per acre. The greatest density of males was in the first half of 
April, when there was an average of 0.56 males per acre. The number of 
immatures of this species per acre was low in every period, and none was 
taken in either March period. The greatest number of immatures was taken 
in the last half of May, when there was an average of 0.11 immature females 
and 0.06 males, or 0.17 of both sexes combined per acre. The greatest density 
of all age and sex classes of the species likewise was found in the last half 
of May, when there was an average of 1.08 four-toed kangaroo rats per acre. 

The average number of the several classes of this species per their respec- 
tive, average home-range areas is shown in Table IX. Mature females 


TABLE IX 


AVERAGE NUMBER OF FoUR-TOED KANGAROO Rats (Dipodomys merriamt ambiguus) PER 
HoME-RANGE AREA IN THE MESQUITE ASSOCIATION. Two PLoTS COMBINED 


Gizssoa March March April April April 30- May 

4-16 17-29 1-12 13-25 May 11 12-24 

IMiaiG UT CMO seer 0.46 0.52 1.30 1.34 1.49 1.74 
IM atu OMe a sree 1.58 1.88 2.32 2.06 1.90 1.86 
Immature @ . a ulhe Gceveee OM pe gk Pee eas 0.05 0.33 0.50 
IEUMATE HAINES, GN teeta | See ll) eect O05a ues 0.10 0.26 


reached a maximum concentration of 1.74 individuals per home-range area 
in the last half of May. Mature males were more concentrated than mature 
females and reached a maximum concentration of 2.32 individuals per aver- 
age home-range area in the first half of April. Immatures never were very 
much concentrated. The greatest concentration of immature females was 
in the last half of May, when there was an average of 0.50 individuals per 
home-range area. Immature males reached a maximum of 0.26 individuals 
per home-range area in the same period. 

Monson and Kessler (1940: 40) counted merriami dens on one-acre plots 
in creosote bush association in Arizona and by excavating on some of them 
found that there was an average of one merriami to 4.11 dens. There were 
an average of 31.3 dens per acre, which, by their rat—den ratio, gives an 
average of 7.6 individuals per acre. Their data, however, are not com- 
parable with mine because their averages apparently cover a period of more 
than a year, and, consequently, take no account of seasonal fluctuations in 
abundance, nor, so far as I can see, in seasonal differences in the rat—-den 
ratio. 

Cahalane (1941: 62) calculated that there was an average of 3.2 indi- 
viduals per acre in an area of mesquite and grass in the San Simon Valley, 
Arizona, in late August, 1933. If the area, however, that he was trapping 
effectively is caleulated from my home-range data, his average drops from 
3.2 to 0.9 individuals per acre, 

BREEDING 


The breeding season of merriami did not begin until early March, after 
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trapping was initiated. The first immature was not taken until the first 
trap period in April, and no other was taken until after the middle of that 
month. Breeding still was in progress when field work was discontinued in 
late May. 

The breeding season of the merriami began somewhat later than that of 
ordu. In eight (73 per cent) of eleven males examined in the first period 
in March, the testes were sufficiently large to be discernible. In only two 
individuals, however, had the testes attained the large size characteristic of 
peak breeding activity. Evidence of sexual activity of males increased in 
the second March period, when 79 per cent were in breeding condition. In 
subsequent periods from 86 to 100 per cent of the males examined. in each 
trap period were sexually active. 

Not only did the breeding season begin later than in ordii, but there was 
never so large a fraction of the females on the plots breeding at one time as 
in the other species. In March only three (27 per cent) of the eleven fe- 
males examined evidenced sexual activity. Two of these had vaginal plugs 
on March 20, and the other had a vaginal plug on March 23. This is in 
considerable contrast to the 89 per cent of breeding female ordi in March. 
In April eighteen (50 per cent) of thirty-six female merriami at some time 
showed evidence of breeding, in contrast with the 94 per cent of breeding 
female ordvi in the same month. In May thirty-three (67 per cent) of the 
forty-nine merriami females examined were at some time sexually active, 
compared with 88 per cent of active ordi. 

Eleven females indicated by their vaginal plugs that they copulated at 
least twice during the period of trapping. There was evidence that at least 
three of these females gave birth to two litters. Most of the juvenile and 
subadult females appeared with vaginal plugs. Likewise, most of the juve- 
nile and subadult males developed large testes before they were grown. This 
indicates that, like ordii, the species merriami becomes sexually active long 
before it matures in size. 

Specimens preserved in alcohol in the collection of the University of 
Michigan Museum of Zoology indicate that breeding continues well into the 
summer and that there is at least some breeding in the fall. Among twelve 
males from the same area, dated July 3 to 15, 1927, nine (75 per cent) were 
sexually active when killed. Of twelve females, six (50 per cent) were sexu- 
ally active when killed. Two of these females contained two embryos each, 
three evidently had recently suckled young, and one young adult had a 
vaginal plug. Of two males from Carlsbad, Eddy County, dated August 
12 to 16, 1926, an adult had large testes; a half-grown male had small. Of 
two females from the same place and collected at the same time, an adult was 
not sexually active, but a half-grown female had a vaginal plug. Among 
seven specimens collected near Alamogordo on October 11, 1938, two adult 
males were sexually active; three adult males and two adult females showed 
no sign of breeding. All of the available evidence indicates that merriam, 
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like ordii, has a much more rapid rate of reproduction than Vorhies and 
Taylor (1922: 18) found in spectabilis. 


MOVEMENTS 


Only two records of the distance of movements of four-toed kangaroo 
rats from one area to another were obtained. A young adult male was caught 
once on plot B on May 11. This animal appeared about 2000 feet away on 
plot A on May 18, where it was taken only once before it disappeared. 
Another young adult male appeared on plot A on May 13 and stayed until 
May 20. On May 22 it was caught about 2700 feet away on plot B, but it 
disappeared after being caught there once. 


Onychomys leucogaster ruidosae 


The grasshopper mouse was rare and unevenly distributed in the mes- 
quite association. Only five individuals were taken during three months of 
trapping on plot A, and none was taken in two months on plot B. The trap 
records of the five grasshopper mice, however, provide some very worth-while 
information about the species. 


HOME RANGES 


Only one grasshopper mouse was trapped more than ten times in a month, 
and for only three individuals did the size of the known home range fail to 
increase with the last capture of the month (Table X). Therefore, some of 


TABLE X 


CALCULATED HoME RANGES OF GRASSHOPPER Micr (Onychomys leucogaster) Marcu, 
APRIL, AND May, 1940 


Ranges that increased with last capture possibly incomplete 


Last Capture : 
ne Number Pipe heh Size of 
Age Sex pons Month of Times he BOS Home Range 
: Caught ouiolanee in Acres 
Increased 
Ad. 3 41 April 9 6 
Ad. 4 41 May 16 14 48 
Subad 4 68 March 5. ee 11.4 
Ye. ad 4 68 April 8 7 6.6 
Yg. ad a 68 May ical eee 8.0 
Ad. Q 71 March 6s a 1.5 
Ad. 9 71 April 6a 4 a 21 


the calculated home ranges probably represent only a fraction of the actual 
range. Several nights often elapsed on which one or another of these erass- 
hopper mice was not caught. This possibly indicates that their ranges ex- 
tended for considerable distances outside of the plot. Consequently, the 
calculated ranges should be considered only as minimum ranges. The tare 
est known range was that of a subadult male and comprised 11.4 acres in 


POPULATIONS OF SMALL MAMMALS ob 


March. As a young adult in April and May this individual had notably 
smaller known ranges of 6.6 and 8.0 acres, respectively. 

The average of the two calculated monthly home ranges of the young 
adult male and of the two monthly ranges of an adult male was 5.8 acres. 
The average of the two monthly home ranges of an adult female was 1.8 
acres. Although the numbers are small the great disparity between the 
mature male and female averages suggests a possible sexual difference in 
the size of the home range. 


POPULATIONS AND CONCENTRATIONS 


The adult male and female grasshopper mice and the one subadult and 
two juveniles that were trapped on plot A in March possibly represented the 
parents and the remnants of two of their litters. The two juveniles were not 
recorded on the plot after March, which possibly indicates dispersal of these 
individuals. The adult female disappeared after April 16. Whether she 
fell victim to a predator or moved away I do not know. The original adult 
male and the young adult that matured there remained on the plot until 
the end of trapping. 

The population per acre was small for all of the periods. The greatest 
density of population was in the two March periods, in each of which there 
were only 0.08 individuals per acre. The scarcity of these grasshopper mice 
on plot A and their absence from plot B indicate that the species was rela- 
tively rare and unevenly distributed in the mesquite association in the spring 
of 1940. 

The concentration of the several sex and age classes of grasshopper mice 
was low in all trapping periods. The greatest concentration was of imma- 
ture males in the first half of March, when there were 0.38 immature males 
per average home range. There was no more than a small fraction of one 
individual per average home range in any sex or age class. 


BREEDING 


The subadult and juvenile grasshopper mice trapped in March indicated 
that young were born in January and February. Examinations of the adult 
female indicated that she bore a litter about the first of April. No young 
of this litter were caught, and it is possible that they died from neglect. while 
the mother was inatrap. The large testes of the adult male showed sexual 
activity during the entire trapping time, from early March to late May. 
Sexual activity of the one individual first caught when a subadult was indi- 
cated by enlarged testes while still in juvenile pelage. It still was sexually 
active when last caught in late May. Bailey (1931: 141) recorded pregnant 
females of this species from San Pedro and Socorro taken on July 10 and 
August 19, respectively. Therefore, it seems probable that the breeding 
season extends at least into late summer. 


By W. FRANK BLAIR 


Onychomys torridus torridus 


The scorpion mouse was found on both of the trapping plots. Nine speci- 
mens were caught during three months of trapping on plot A, and five were 
captured in two months on plot B. 

HOME RANGES 


The calculated home ranges of the scorpion mice are given in Table XI. 
The largest home range of a mature male comprised 12.4 acres; the smallest, 


TABLE XI 


CALCULATED HomME RANGES OF ScorPION Mice (Onychomys torridus) IN MESQUITE 
ASSOCIATION, Marcu, APRIL, May, 1940 


: NRE Last Capture on Siva ot 
Age Sex ee Month of Times ee ie ee Home Range 
4 Caught Teen es 
Ad. a 18 March 18 16 8.9 
Ad. Oo 36 March 18 15 12.4 
Ad. & 36 April 10, TOC ae 6.9 
Ad. a 62 April 22 Al 3.1 
Ad. ce) 20 March 16° || ae thet 
Ad fe) 20 April 23) 20 6.5 
Ad. Q 20 May 20: en. |i) eames 7.8 
Ad. fe} 53 March 16 15 3.9 
Ad. Q 53 April 205) 16) 3.6 
Juy. fe) 328 May alal 10 5.2 


only 3.1 acres. The largest range was about two-thirds as large as the entire 
trapping area. The male that had the maximum range of 12.4 acres in 
March had a range of only 6.9 acres in April. The four monthly ranges of 
mature males averaged 7.8 acres. 

The largest home range of a mature female comprised 7.8 acres, and the 
smallest, 3.6 acres. The one mature female whose home range in each of the 
three months is known varied the size of her range within the rather narrow 
limits of 1.3 acres. Her smallest range comprised 6.5 acres in April; her 
largest, 7.8 acres in May. The other adult female varied the size of her 
monthly range by 1.6 acres. Her range equaled 3.6 acres in April and 5.2 
acres in May. The five monthly ranges of these females averaged 5.9 acres. 


One juvenile female that was caught eleven times in May had a ecaleulated 
home range of 5.2 acres. 


POPULATIONS AND CONCENTRATIONS 


The maximum population of scorpion mice was on plot A in the last half 
of March, when there were three mature females and five mature males. 
This constituted an average population of 0.06 females and 0.10 males per 
acre, or a total of 0.16 mice of this species per acre. The population on plot 
B was smaller than that on plot A. There was, on plot B, one mature male 
and one mature female during the two April periods and the first period of 
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May. In the last May period there was oné adult and one juvenile male. 
The average population of scorpion mice per-acre on plot B comprised 0.04 
individuals in every period. This was lower than the average population 
per acre on plot A in every period except the last one in May, when the 
averages on the two plots were the same. 

The concentration of scorpion mice was not very large, for the average 
number of individuals of either sex per home-range area never equaled one. 
The greatest concentration was of mature males in the first half of March 
on plot A, where there was an average of 0.90 individuals per average home- 
range area. The greatest concentration of mature females comprised an 
average of 0.39 individuals per average home-range area in the two April 
periods and in the first of the May periods on plot A. On plot B the concen- 
tration of mature males never exceeded 0.16 individuals per home-range 
area, and that of adult females never surpassed 0.13 individuals per home- 
range area. 

Cahalane (1941: 62) caleulated that there was an average of 2.0 indi- 
viduals per acre in an area of mesquite and grass in the San Simon Valley, 
Arizona, in late August, 1938. If the area that he trapped effectively is com- 
puted from my home-range data, his average of 2.0 individuals drops to 0.3 
individuals per acre. 

BREEDING 


Sexual activity of the male scorpion mice during the entire trapping 
time, from early March to late May, was indicated by their enlarged testes. 
Only one of five males examined in the period of March 11 to 17 appeared 
not to be in breeding condition. Every other time that a male was examined 
sexual activity was evident. 

Each of the five mature females on the two plots bore one or more litters 
during the trapping time. Four bore litters about the first of April, and 
one of these again produced young near the middle of May. <A female that 
was taken only once, on May 10, was pregnant. 

The failure to catch any young mice in the early periods of trapping 
probably indicates that the breeding season did not begin until about the 
time trapping was begun. In spite of the fact that at least six litters were 
born on or near the plots, only one immature individual was caught. This 
possibly resulted from the young dying of neglect while their mothers were 
in traps. 

Bailey (1931: 142) recorded a pregnant female of this species that was 
taken August 14 at Socorro. It seems probable that the breeding season 
extends at least into late summer. 


Neotoma micropus canescens 


The plains wood rat was present on both plots. No systematic trapping 
of wood rats, however, could be done, because most of the traps were too 
small to catch these animals. No attempt was made to learn the number of 
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wood rats on plot A, but on plot B a few large traps were set near wood-rat 
nests and enabled us to mark all or nearly all of the resident wood rats. The 
wood rats made a nuisance of themselves by overturning the small traps on 
the plot, so that they were trapped primarily to deter them from disturbing 
the regular trapping. 

POPULATIONS 


At least ten wood-rat nests in use were located on plot A, and at least 
twenty-one on plot B. On the latter plot fifteen wood rats were trapped 
during April. Seven of these were mature females, six were mature males, 
and there was one juvenile wood rat of each sex. In May only eleven wood 
rats were caught on plot B. Only two of these were previously unmarked. 
The difference in number caught between the two months probably is due 
to the unsystematic trapping for these animals rather than to any decrease 
in population density. The fact that the number of active nests exceeded 
the number of wood rats caught on plot B possibly indicates that one indi- 
vidual utilizes more than one nest. In this connection, one male and one 
female were caught near two different nests, one male was taken near three 
different nests, and one female was captured in the vicinity of four different 
nests. That a wood rat was caught near a nest is not conclusive proof that 
it was using that nest. The fact that wood-rat nests were twice as numerous 
on plot B as on plot A undoubtedly indicates a larger population on plot B. 


BREEDING 


All of the mature wood rats examined on plot B showed evidence of 
sexual activity. The three females that were caught between April 1 and 7 
were suckling young. Hach female subsequently examined either appeared 
to be pregnant or recently to have suckled young. Two suckling females 
were trapped near Alamogordo on October 80, 1988. 

Bailey (1931: 174) recorded a nursing female that was taken at Ancho 
on September 23 and a half-grown young taken at Tularosa on November 21. 
He also listed records of summer breeding which, with my data, seem to 
indicate a rather continuous breeding season from at least early April until 
October. 

MOVEMENTS 


No wood rat was caught a sufficient number of times nor in a sufficient 
number of places to indicate the size of its home range. One adult male was 
caught at two points about 920 feet apart, but it is impossible to be sure 
whether this indicated a normal movement within his home range or a shift 
of range. 

SOCIAL RELATIONS 
On three occasions a mature male and female were the only wood rats 


caught in the vicinity of a given nest. On another occasion a juvenile male 
and female were trapped near the same nest. Near one nest five different, 
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individuals, three females and two males, were taken during the two months 
of trapping. A suckling female was taken there on April 5, but she was. 
not caught again. On May 3 a mature male and female were caught at this 
nest, both of whom had been previously trapped at different near-by nests. 
On May 14 and 15 a mature female was caught on the plot for the first time 
near this same nest, and on May 16 a mature male that previously had been 
caught at a near-by nest was taken at this nest. These records suggest a 
considerable amount of overlapping in the home ranges of the wood rats. 


Mus musculus 


An adult male house mouse was trapped in plot A on April 11. It was 
caught only once and evidently; was only passing through the plot. The 
enlarged testes indicated that this animal was in breeding condition. No 
other house mouse was caught on either plot. 


HOME RANGES OF MESQUITE ASSOCIATION MAMMALS 


The features of mammalian home ranges of most concern are the size, 
relative stability, and the amount of overlapping of the ranges of the same 
and different sex and age classes, and of the same and different species. The 
matter of overlapping ranges, since it throws light on the interrelationships 
of individual constituents of the population, is discussed in the section on 
‘‘The Mammalian Population of the Mesquite Association. ”’ 


SIZE 


In size, the home ranges of two species of mesquite association mammals, 
as shown above, generally are larger than those of other races of the same 
species studied in the blue-grass, beech-maple, and oak-hickory associations 
of Michigan. The Chihuahua deer-house (Peromyscus maniculatus blan- 
dus) ranges more widely than do the prairie deer-mouse (Peromyscus m. 
bairdiw) of the blue-grass association and the woodland deer-mouse (Pero- 
myscus m. gracilis) of the beech-maple association. The desert wood mouse 
(Peromyscus leucopus tornillo) ranges more widely in the mesquite associ- 
ation than does the individual of another subspecies (Peromyscus leucopus 
noveboracensis) in the oak-hickory association of southern Michigan (Burt, 
1940: 26). In these species, therefore, there are marked geographical dif- 
ferences in home-range size probably accounted for by obvious differences in 
the ecological conditions prevailing in the several associations in which these 
species were studied. 

Most of the small mammals except Peromyscus of the mesquite associ- 
ation have no close relatives in the other areas in which home ranges have 
been studied. Therefore, no comparisons of their ranges can be made with 
those of others of the same species or even of the same genera. The general 
statement can be made, however, that characteristic desert mammals, as repre- 
sented by Dipodomys ordii, Dipodomys merriami, Onychomys leucogaster, 
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and Onychomys torridus of the mesquite association, usually have larger 
home ranges than the characteristic small mammals of the eastern deciduous 
forest and prairie grasslands (Blair, 1940a, 1940b, 1941c, and 1942). A 
pocket mouse (Perognathus penicillatus) proves an exception to this rule, 
for this species ranges no more widely than some of the forest and grassland 
mammals. The woodland jumping mouse (Napaeozapus insigms frutec- 
tanus) also'ranges as widely as some of the desert mammals. The excep- 
tionally large range of the woodland jumping mouse possibly is accounted 
for by its greater morphological adaptation for mobility than is present in 
other forest inhabitants. 

It is extremely interesting and seemingly contradictory to the foregoing 
observation about the woodland jumping mouse that the presumably most 
mobile desert mammals, the kangaroo rats, do not have the largest home 
ranges. The saltatorial kangaroo rats have home ranges of about the same 
size as the not so well-adapted deer-mice and wood mice. The grasshopper 
mice and scorpion mice (Onychomys leucogaster and O. torridus), which 
appear to be no better adapted for mobility than are the deer-mice and wood 
mice, have the largest home ranges of the mesquite association mammals. 
It is possible that, because of their insectivorous habits (Bailey and Sperry, 
1929), grasshopper mice and scorpion mice range farther in search of food 
than do the vegetation eaters. 


STABILITY 


Each of the mammals of the mesquite association, with the exception of 
the wood mouse, usually remained in the same general area for a relatively 
long period of time. The wood mice were definitely nomadic in behavior. 
One home range was occupied for a short period; then the animal moved on 
to another. Among the other species each individual that was marked on 
the plots usually stayed in the same vicinity until the end of trapping, 
although the limits of its calculated home range varied within usually nar- 
row limits from month to month (Fig. 2). There were, nevertheless, occa- 
sional movements of as much as one-third of a mile. In such cases, an animal 
moved away from an established home range and subsequently came to 
oceupy an entirely different one. 

These observations indicate that, in respect to the possible dispersal of 
hereditary characters through the population, two opposite trends exist. 
The long-term occupation of limited home ranges by the bulk of the popula- 
tion tends to inhibit the spread of new characters. On the other hand, the 
occasional movements of some individuals for distances several times the 
width of a home range facilitates the spread of such characters. Of even 
more importance in this respect than the occasional movements of mature 
animals that were observed are the possible movements of young individuals 
after they leave the nest. No data are yet available, however, on the rate of 
dispersal of the young of the mammals of the mesquite association. 
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THE MAMMALIAN POPULATION OF THE MESQUITE ASSOCIATION 


The several species of small mammals of the mesquite association have 
been considered separately in a foregoing section. It is also equally impor- 
tant to consider the total mammalian population of the association as a unit, 
of which each individual is but one component part. 


SIZE OF POPULATION 


The average total population of all small mammals, as shown by the trap 
records, reached a high of 3.64 individuals per acre on plot A in the first half 
of May. The average for all of the ‘‘half-month’’ periods on this plot com- 
prised 3.24 individuals per acre. <A high of 3.19 individuals per acre was 
reached on plot B in the last half of May. The average for all of the four 
“‘half-month”’ periods on plot B was 2.51 small mammals per acre. These 
totals, of course, do not include forms that were too large for the traps, such 
as cottontails, jack rabbits, and wood rats, nor the diurnal ground squirrels. 

The total populations of mesquite association mammals seem rather 
small. Actually, the mammalian population probably was at its lowest point 
of the year when trapping was begun. A period of sexual inactivity of most 
of the species ended at about the start of the field work. During that period, 
when no young were being produced, losses from the population were not 
balanced by births. The population normally reaches a low just before 
young animals begin to appear in the spring, and normally reaches a maxi- 
mum toward the close of breeding in late fall or early winter. No census 
study of the mesquite association mammals has been made at the season when 
one would expect to find a peak of abundance. I noted, however, that small 
mammals seemed much more numerous during extensive trapping in the 
mesquite association in the fall and in the early winter of 1938 than they were 
in the spring of 1940. 


INTERRELATIONSHIPS OF THE MAMMALS 


Since the observational method is not applicable to these small, nocturnal 
mammals, knowledge of the relationships between individuals and between 
species is limited to the information supplied by the trap records. Chihua- 
hua deer-mice and four-toed and five-toed kangaroo rats appeared tolerant 
of their own kind, for their calculated home ranges broadly overlapped the 
ranges of others of the same species and sex. Breeding female pocket mice 
(Perognathus penicillatus) evidently were intolerant of one another, for 
their home ranges scarcely overlapped. Of the remaining species, too few 
individuals were caught to show adequately the amount of overlapping of 
their home ranges. It is obvious, nevertheless, that the species making up 
the bulk of the population, the deer-mice and the kangaroo rats, were toler- 
ant of their own kind. 

Concerning the relationships between the several species, it is known that 
the ranges of all overlapped one another indiscriminately. Because of the 
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rather large home ranges of the mesquite association mammals, each indi- 
vidual in its normal travels must, on the average, come in contact with from 
ten to fifteen other individuals of its own kind and of other species. Nothing 
is known of what actually happens when an individual encounters another of 
the same or of a different species. There can be no doubt, however, that 
some modus vivendi has been established whereby numerous individuals of 
several species occupy the same terrain. 

Tappe (1941: 145) believed that other small mammals were scarce in 
areas inhabited by Dipodomys heermanm tularensis because of competition 
for food from that species of kangaroo rat. No evidence of such severe com- 
petition was found among the small mammals of the mesquite association. 
There undoubtedly is competition in the sense that food eaten by one indi- 
vidual is not available for any other individual. There is an almost un- 
limited supply of mesquite, however, which, in one form or another, appears 
to be the principal food of most of the small mammals in this association. 
It is difficult, in fact, to discover any evidence of competition of a critical 
nature among these small mammals. The number of holes and tunnels so 
greatly outnumbers these animals that it is hard to believe that there is any 
great amount of competition for home sites or refuges, at population levels 
such as obtained during the time of study. 

It is particularly interesting that in this association there are three cases. 
of two rather closely related species of the same genus living side by side and 
actually occupying overlapping home ranges. The best example is afforded 
by the kangaroo rats (Dipodomys ordu and Dipodomys merriamz). These 
two mammals are very similar in size and external appearance, and both 
have, in general, similar habits. The populations of these species in the mes- 
quite association were both of the same general order of magnitude. Locally, 
either one might exceed the other in abundance. The grasshopper mouse 
and scorpion mouse (Onychomys leucogaster and O. torridus) also occupy 
overlapping home ranges, with the result that individuals of the two species 
undoubtedly come in contact with one another. The scorpion mice here are 
more numerous than the grasshopper mice, which show a preference for 
sandy soil and sand dunes. The deer-mouse and wood mouse (Peromyscus 
maniculatus and P. leucopus) occur together here as in many other parts of 
their range, although the two are to a considerable extent kept apart by their 
different ecological preferences. There is no evidence of any critical amount 
of competition between closely related species for food, home sites, or terri- 
tory. 

SUMMARY 


The small mammal population of the mesquite association near Alamo- 
gordo, New Mexico, was studied by live trapping from March 4 to May 24 
1940; 105 Chihuahua deer-mice and 419 individuals of ten other species ne 
marked and retrapped many times. 


The average size of the home ranges of mature males and females was 
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determined for five species. Some information about home-range size was 
obtained for two other species, and several facts about the general life his- 
tory of four other species were learned. Only in the case of the pocket 
mouse (Perognathus penicillatus) did the mature males have significantly 
larger home ranges than did the females. These pocket mice had the small- 
est average home ranges of the mesquite association mammals, whereas the 
scorpion mice had the largest. 

Breeding by all of the species of small mammals of the mesquite associ- 
ation was in progress in the spring of 1940. Broad overlapping of home 
ranges within all sex and age classes occurred in all species except the pocket 
mouse. In this species the home ranges of mature females did not overlap 
one another during the breeding season. Occupation of individual home 
ranges of all species except Peromyscus leucopus was relatively permanent, 
but occasional individuals moved from one home range to another. These 
movements sometimes were for distances of as much as one-third of a mile. 

The four-toed kangaroo rat was the most abundant species on one plot; 
the five-toed kangaroo rat was the most numerous species on the other. The 
greatest average number of individuals of all species per acre on either plot 
was 3.64 in the first half of May. Mature male five-toed kangaroo rats 
reached the greatest concentration of any sex or age class of any species, for 
there was an average of 2.43 individuals per average home-range area. A 
concentration of more than one individual per average home-range area also 
was found in mature female five-toed kangaroo rats, in mature male and 
female four-toed kangaroo rats and Chihuahua deer-mice, and in mature 
male pocket mice (Perognathus penicillatus). 
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INTRODUCTION 


Ir may now be regarded as well established that distinct species and even 
genera of fish hybridize in nature, at times with considerable frequency. 
The natural crossing of species has a bearing on several lines of biological 
inquiry—growth, nomenclature, speciation, genetics, and wildlife manage- 
ment—and consequently calls for a thorough analysis. To ensure an inten- 
sive and compact treatment we have selected for the present study the 
hybrids which we have thus far recognized in the Catostomidae, a single 
family of almost exclusively North American fresh-water fish. Much work 
has been published? in both Eurasia and America on interspecific combina- 


1 Some key references on interspecific eyprinid hybrids are: Heincke (1892), Hubbs 
and Brown (1929), Schmidt (1930), Hubbs and Schultz (1931), Matsui (1931), Berg 
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tions in the closely related family Cyprinidae, but no hybrids between 
catostomid fishes (the ‘‘suckers’’) have previously been described. 

This paper is the product of a division of labor. Carl L. Hubbs made 
the identifications of the hybrids and is responsible for most of the interpre- 
tive treatment. Laura C. Hubbs carried out the almost endless mathematical 
calculations. Raymond E. Johnson, as research assistant, made nearly all 
of the counts and measurements (about 2000 on the hybrids and a much 
larger number on the parental species). We joined in planning and carry- 
ing on the details of the investigation and in preparing the report. 

Grants from the Horace H. Rackham School of Graduate Studies, of the 
University of Michigan, made it possible to conduct this analysis and to 
publish the results. The gifted hand of Grace Eager produced the pictures 
of the lip structures, which illustrate well the intermediate characters of the 
sucker hybrids. Leonard P. Schultz collected many of the specimens studied, 
and collaborated in the first identification of hybrids between Catostomus 
macrocheilus and C. syncheilus; he has also loaned us 2 specimens from the 
National Museum collections. Robert R. Miller carried out the field work on 
the hybridization between Catostomus, species, and Pantosteus santa-anae 
and collected part of the Catostomus tahoensis x Pantosteus lahontan ma- 
terial. Professor Cecil C. Craig, of the Department of Mathematics in the 
University of Michigan, derived for us a formula for determining the stand- 
ard error of the hybrid index (as described below). 


MATERIALS AND METHODS 


The natural hybrids analyzed in this paper were obtained in the course 
of the systematic study of North American fresh-water fishes which has been 
stressed at the University of Michigan Museum of Zoology since 1920. Of 
the 182 hybrid suckers studied, 76 represent 3 hybrid crosses in the genus 
Catostomus and 105 exemplify 7 hybrid combinations between species of the 
genera Catostomus and Pantosteus. 

Only a few of the specimens were recognized as hybrids in the field, and 
even then the collections may be regarded as random, in regard to the num- 
bers of hybrids and of parental species. When the hybrids were identified 
in the field, as in Sucker Creek, Oregon (where Catostomus macrocheilus 
and Catostomus syncheilus syncheilus cross), further collecting was designed 
to secure series as large as possible, not only of the heterozygotes but also of 
the parental types. The only trip made for the special purpose of securing 
additional specimens of hybrid suckers in streams where they are known to 
occur was to Sespe Creek, California, where Catostomus, species, and Pan- 
tosteus santa-anae cross. Additional material of any available suckers, to 
augment the hybrid material, was otherwise specifically sought only once— 


(1932-83), Schultz and Schaefer (1936), Geyer (1937), Raney (1940a and b), and 
Hubbs and Miller (1943). A large number of other references are given in Dean’s 
Bibliography of Fishes (1923, 3: 505-7) and in the Zoological Record, 
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from the Colorado River drainage basin of Colorado, where the apparently 
introduced Catostomus commersonnii sucklii was found to be hybridizing 
with a native sucker, Pantosteus delphinus delphinus. 

All of the material reported on in this paper is contained in the Museum 
of Zoology of the University of Michigan (U.M.M.Z.). 

The methods of study were those employed in the more precise systematic 
investigations of the present day. The suspected hybrids were scrutinized 
for any possible characters of structure, form, or color, by which they might 
show their relationship to the presumed parental species. Special attention 
was paid to diagnostic features in the structure of the mouth (Pls. I, II, and 
VI) : the degree to which the upper lip is flattened out; the tendency for the 
outer face of the upper lip to be smoother (less papillose) than the inner 
face, and to be ridged and reflected so as to partly cover the inner surface; 
the presence or absence of an emargination at the outer lateral angles of the 
mouth ; the depth of the median incision between the lobes of the lower lip, 
the width of the union in front of the incision, and the number of rows of 
papillae crossing this isthmus; the width, strength, and shape of the carti- 
laginous ridges of the jaws, inside the upper and the lower lip; the degree 
to which the gape is arched, or transverse; and the width and the length of 
the mouth. The size, shape, and prominence of the snout were also empha- 
sized. 

In order to permit statistical analysis of differences in proportions and 
of differences in the numbers of dorsal fin rays and of scales, all measure- 
ments and counts thought to be critical and obtainable with accuracy were 
made. These determinations were taken according to the methods outlined 
by Hubbs and Lagler (1941: 12-20). The predorsal length, as here given, 
is the distance from the tip of the snout to the front of the small, embedded 
predorsal plate, at a place where, upon slight pressure, the divider point 
comes to rest. The width of the mouth is the greatest over-all measurement, 
taken after the lips, if distorted in preservation, have been molded into ap- 
proximately normal shape. The length of the union of the lower lip is the 
distance along the mid-line from the front of the cartilaginous ridge of the 
lower jaw to the point of the V along the extreme posterior edge of the lip, 
disregarding the shallow groove which extends some distance forward. 

Measurements of the appropriate parts of the body were taken with a 
dial caliper reading to 0.1 mm. and estimated to 0.01 mm. Such refinement 
has little significance with the larger dimensions, but is important as a source 
of avoiding errors in measuring small parts. The measurements are calcu- 
lated as thousandths of the standard length. 

Comparable counts and measurements were made on selected material of 
the parental species as well as on the hybrids. An effort was made to find 
specimens of the species which were from the same locality as the hybrids 
and which were about the same size. When such material was not available, 
examples which were as nearly the same size as could be found were selected 
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from as near by as possible. When they covered a considerable size range 
the hybrids and parental species were divided into size groups of limited 
extent, so as to render the proportionate measurements reasonably compara- 
ble. These groupings are indicated in the table of proportions for each 
hybrid combination. The method of relative-growth analysis is more pre- 
cise, but was not thought practicable for this study because of the small 
number of hybrids. 

The method of counting the pelvic rays needs some comment, as the num- 
ber of rays in this fin provided a valuable check on the interpretation of 2 
types as hybrids. Pelvic ray counts are not generally listed in systematic 
descriptions of suckers though they have been shown to be of value in this 
family (Hubbs, 1930: 20-21, 37). The sum of the counts of both fins is the 
unit of tabulation. A variable sliver-like ray at the outer edge of the base 
of the first main ray is disregarded. Each of the 2 to several rays that are 
often approximated or even partly fused is included in the count. Occa- 
sional fins that are lacking, rudimentary, defective, or obviously injured are 
not counted. 

In the tabulations and computations all counts for each stated combina- 
tion were treated as a single statistical array for all the hybrids and for all 
the specimens studied of each parental species. In contrast, the computa- 
tions based on measurements were made separately for each size group at 
each locality. 

The means and their standard errors are given. The standard errors of 
the means (S.E.) were computed according to the formula 


The standard deviation (o,) of the noncontinuous variates was obtained 
according to the commonly used formula 


mide 
2 = 
( ) Ov Nae 
The coefficient of variability is 
_ 1000, 


The counts are all tabulated according to the hybrid combinations 
(Tables XXXII to XXXVII). Because of the variations with age and 
locality, no simple frequency tabulation of the proportionate measurements 
is warranted. We can, however, obtain figures (hybrid indices) which por- 
tray the relation of each measurement in each hybrid to the mean value for 
each parental species of a comparable size group from the same or an ap- 
proximate locality. We can then combine these indices in any way that is 
desirable. 

Character Index 


Owing to the approximation of their characters and to the considerable 
individual variability which they display in each respect, it is difficult to 
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identify suckers and their hybrids on the basis of single traits. The use of 
combinations of characters leads to more certain “identifications. For this 
reason we have found character indices of particular value in the present 
study. 

The term ‘‘character index” was proposed by Hubbs and Whitlock 
(1929: 470), who found the need for a simple mathematical expression of 
several differential features. Following this introduction, character indices 
have been successfully applied in fish systematics for the separation of 
closely allied forms by Koelz (1929: 426), Schultz and Welander (1934: 6), 
Hubbs and Cannon (1935 : 27), Schultz and Thompson (1936 : 74-75), Hubbs 
(1936: 189-93 and 249-50), Hubbs and Kuhne (1937: 13-14), Schultz 
(1937: 19-20), Schultz and Reid. (1937: 211-12), and in a few other works. 
Schultz and Schaefer (1936: 5-8) first applied a character index in the 
determination of fish hybrids. Hartweg (1938: 3-5) and Woodbury and 
Woodbury (1942: 138), respectively, applied the method in chelonian and 
ophidian systematics. 

The character index, under the name of ‘‘general index’? or ‘‘aggregate 
difference,’’ has also been introduced in botany (Anderson and Whitaker, 
1934: 35-38, Fig. 4; Anderson and Abbe, 1934: 48-49, Fig. 1; Stebbing, 
1942: 228-30). The method of computation of the botanist’s index (taking 
the square root of the sums of the squares of the individual differences) has 
not been employed in ichthyology, but the scope and significance of their 
index, as stated, is the same as that of the ichthyologist’s character index. 
It is of some interest that methods for summarizing characters into a single 
index figure were independently proposed by botanists and ichthyologists. 

The use of character indices and of other statistical combinations of 
characters, such as the physical anthropologist’s ‘‘coefficient of racial like- 
ness,’’ has lately been severely criticized by Ginsburg (1939). We see no 
reason, however, to doubt the value of the method. Proportions and ratios, 
long used in systematic ichthyology, are simple character indices—these, no 
one queries. It is the somewhat more complicated formulae that, on first 
attention, may appear to be incongruous or to be the mere juggling of fig- 
ures. No arithmetic combination of characters, however, can bring out dif- 
ferences which do not exist, so long as we apply the identical character-index 
formula to both types being compared. When the data are limited a source 
of error may lie in the selection of character combinations that happen to 
yield results in line with expectancy. 

Contrary to Ginsbure’s claim, character indices may measure not only 
the significance of differences but also degrees of divergence. Very few, if 
any, kinds of animals differ in a single character. The forms are separated 
by combinations of characters. Races and subspecies, as well as ‘‘good spe- 
cies,’’ tend to exhibit what Goldschmidt (1940) has called ‘‘different reac- 
tion systems’’ (Hubbs, 1941c: 276). Since the types are inherently charac- 
terized by combinations of characters, the validity and the amount of their 
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differentiation might often be better indicated by indices which measure 
several features than by simple counts or measurements of single traits. 
Only the real difference between 2 populations is shown by a character index 
which, on the basis of adequate samples, largely or wholly eliminates the 
overlap in frequency distribution that is evident when one considers sepa- 
rately the traits which were combined to form the index. Forms which 
differ consistently in an ensemble of characters must have attained full spe- 
cific distinction. 

The computation of a character index somewhat resembles the action of 
the mind in the impressionistic identification of kinds of organisms. The 
experienced mind which with little error can distinguish Japanese from 
Chinese men synthesizes a large number of more or less unrelated features, 
any one of which if measured and analyzed would show a great overlap in 
frequency distribution. 

One main advantage of a character index—and this advantage tends to 
acerue, the larger the number of traits combined—lies in the fact that a 
character aberrant enough to cause one form to resemble another with which 
it is being compared tends to be offset by other characters which will proba- 
bly not vary in the same direction. The character index gives joint expres- 
sion to a number of traits, minimizing the importance of extreme fluctuations 
in single features. 

The present work provides examples of the utility of a character index 
in sharpening the expression of the difference between populations; in our 
case between a hybrid and each of its parental species. Thus, a character 
index (Table V; Fig. 1) based on the scale and ray counts of Catostomus 
macrocheilus, hybrids, and C. syncheilus shows the relations between the 
hybrid and its parent species much more emphatically than does any of the 
sets of counts considered alone (Tables XX XII-XXXVII; Fig. 7). Again, 
subtracting certain scale counts that are low in one type from those that are 
high in the same form, gives us an especially sharp and valuable indication 
(Table XVIII; Fig. 5) of the difference between certain hybrids and their 
parental species. The difference thus shown is a true one, reflecting only 
what exists in the organisms—in no sense an artificial concoction. 

Some doubts may arise as to the statistical treatment of character indices, 
but we have been informed by statisticians that such values as standard devi- 
ation, standard error, and the like may legitimately be computed for an 
array of the indices, provided that each of the combined characters presents 
in itself an approximately normal frequency distribution. This proviso will 
ordinarily be met. 


Hybrid Index } 


The hybrid index, a special type of character index, is designed as a 
simple expression of the relationship of the traits of the hybrid to those of 
the parental species. It may be obtained separately for each character of 
each hybrid specimen, and the individual indices may then be tabulated for 
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all the hybrids to show, for example, how the average number of dorsal rays 
or the average width of the mouth of the hybrids, as a group, compares with 
the mean value for each parental form (Table XXXVIII). Also, the sepa- 
_ rate indices for all traits in any given hybrid specimen may be averaged so 
as to indicate how the individual, in the ensemble of its characters, compares 
with each parental type (Table XX XIX; Fig. 8). 

Anderson (1936) proposed such an index for the analysis of plant hy- 
brids, and his method has been followed by other plant geneticists and sys- 
tematists (cited by Riley, 1939). This method is not regarded as adequate 
for the analysis of fish hybrids. It assigns the value 0 to the measurement 
or count of one species, 2 to that of the other parental form, and 1 to that 
of the hybrids, if they are intermediate. But there are all degrees of inter- 
mediacy, and every gradation from the one parental type to the other. 

A somewhat similar method for computing a hybrid index has just been 
used by Ripley (1942: 57-58, Fig. 1), in an analysis of hybridization be- 
tween species of birds. By judging the differential degree of resemblance 
Ripley assigned scores for each character, on a scale grading from 0 for one 
parental species to 10 for the other, and then averaged these scores for each 
hybrid specimen, so as to provide a numerical expression of its similarity 
to each species. 

The hybrid index as here used was introduced by Hubbs and Kuronuma 
(1942: 291). In any comparison each individual or average index is ex- 
pressed as a figure on a scale of 100, in which the average value for the one 
parental type is set at 0, and that for the other parental type at 100. With 
Vy representing the value of the character of the hybrid, M, the mean value 
for parent, 1, and M, the mean for parent 2, the formula is, therefore: 

(4) Position of the hybrid (P) a ae 
M, a M, 

(5) Hybrid index (I) =100 P 

In the present paper we have applied M, to the parental species which seems 
to be the more primitive. This is the coarse-scaled, short-nosed species in 
the Catostomus x Catostomus crosses, and the Catostomus species in the Ca- 
tostomus x Pantosteus hybrids. It is recommended that such practice be 
followed whenever a decision as to differential primitiveness is feasible. 

It will be noted that a hybrid index of 50 denotes exact intermediacy 
between the parental types. A summary index of 25 in a Catostomus x Pan- 
tosteus hybrid would indicate a correspondence 3 times closer to the Catosto- 
mus parent than to the Pantosteus. 

The hybrid index is of particular service in testing the assumption of 
hybridity and the mode of inheritance. If the assumed hybrids are merely 
selected specimens of the 2 species, or if characters show strict Mendelian 
segregation, the individual indices when combined would show a bimodal 
frequency distribution with modes close to 0 and to 100 on the scale men- 
tioned above. A unimodal eurve with the peak near 50 would confirm the 
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interpretation of the aberrant specimens as hybrids, and would indicate a 
multiple-factor type of inheritance for systematic characters (or—as a gen- 
erally improbable contingency—merely a lack of dominance). Should the 
values for 2 or more unrelated traits in a given set of hybrids yield such 
unimodal curves, intervening between those for the parental species, the 
assumption of hybridity would appear to be well established. 

An average index of about 50 could be obtained by mixing typical speci- 
mens of eath form, or through Mendelian segregation, which would cause the 
hybrids to resemble one parental species in some respects and the other 
parental type in other characters. But in either case the frequency distri- 
bution would be bimodal. The fact that the summary indices for all charac- 
ters for each individual tend to average near 50 might also result from a 
mixture of specimens of the 2 types or from genetic segregation. To clarify 
the situation, therefore, the indices need be summarized for single characters 
and for all characters, as well as for individual fish. 

The hybrid index is computed directly for hybrid populations by substi- 
tuting the mean value of the hybrids (Mg) for Vy in formula (4). 

When the number of hybrids and of each parental species approximates 
or exceeds 30, when the frequency distribution is approximately normal (as 
it usually is), and when the dispersion of the difference between the values 
for the 2 species is relatively small as compared with the difference between 
the average for the parental forms, it is possible to make an approximate 
computation of the standard error of the hybrid index (S.E.;) as follows: 

61 a6 2” 2 a7 ora at O17 
(M, —- M,)? |e a O17 + Ge? ot 
Nu 
In this formula o= standard deviation of the mean (M); the subscripts 
refer to parent 1, parent 2, and the hybrid; P is the position of the hybrid 
(formula 4) ; and Ny is the number of hybrids. 


(6) S.E.4=100 


CRITIQUE ON SUPPOSED HYBRIDIZATION BETWEEN SPECIES OF 
MEGASTOMATOBUS, ICTIOBUS, CARPIODES, AND MOXOSTOMA 
Before presenting our original data we consider the only previously pub- 
lished statement on hybridization in the Catostomidae. Thompson (1935: 
492-93) wrote: 


While it has not been proved that the so-called ‘‘mongrel’’ buffalo, Ictiobus wrus, is 
really a hybrid between the other two native species, there is a considerable body of cir- 
cumstantial evidence to indicate that such is the case. Some of the difficulties of identi- 
fication in the genus Carpiodes and in the genus Moxostoma may be attributed to ocea- 
sional hybridization within these genera. 

Issue may be taken with these statements. Difficulty of identification in 
the genera Ictiobus, Carpiodes, and Moxostoma is admitted, but appears to 
be due not to hybridization but rather to 2 other factors: (1) a tendency for 
the species to be characterized by a combination of traits, none of which by 


HYBRIDIZATION OF SUCKERS 9 


itself may be invariably distinctive; (2) a common failure to recognize or 
to appreciate all of these characters. The rather clear diagnoses of the spe- 
cies of Ictiobus (including Megastomatobus) and of Carpiodes, given by 
Forbes and Richardson (1909, and 1920: 68-80) were supplemented by the 
study of Hubbs (1930: 8-16). Most of the characters of the Mississippi and 
Great Lakes species of Moxostoma are rather weakly distinctive when con- 
sidered individually, but are adequate for identification when taken in com- 
bination (Hubbs, 1930: 16-32). When all the characters presented by these 
authors are taken into account and the specimens are subjected to intensive 
study, doubt seldom need arise concerning the specific identity of any of the 
suckers of the Mississippi Valley and Great Lakes region (with the probable 
exception of 3 pairs of species, discussed below). 

The suggestion that Ictiobus urus (=I. niger) may represent hybrids 
between Ictiobus (= Megastomatobus) cyprinella and Ictiobus bubalus finds 
very little if any confirmation. It is true that some of the characters of 
I. niger are intermediate between those of M. cyprinella and those of J. 
bubalus, but other features of I. niger are not intermediate. Apparently 
having in mind the idea of hybrid origin expressed in the fisherman’s ver- 
nacular name, Forbes and Richardson held: 

The mongrel buffalo [I. niger] appears to vary somewhat more than either I. cypri- 
nella or bubalus, but we have met with no cases which appear to show intergradation with 
either. This species seems to be always distinguishable from the former by its much 
smaller and less oblique mouth, the upper lip falling far below the level of the lower 
margin of the orbit, and by the coarsely striate lower lips; from the latter by the more 


elongate and less compressed body, and by the broad rounding of the frontal region and 
of the back in front of the dorsal fin. 


In the anatomical characters treated as of generic implication (Hubbs, 
1930: 8), Ictiobus niger agrees with I. bubalus, and both these species there- 
fore contrast sharply with Megastomatobus (the only partial exception to 
this statement involves mouth structures). Krumholz (19438: 37-38, Pl. 1) 
finds not only that I. niger is sharply distinctive in the characters of the 
Weberian ossicles, particularly in the seulpturing of the tripus, but also that 
it is not intermediate in these features. Ictiobus niger, therefore, does not 
conform to the virtually universal rule (Hubbs, 1940: 205-9) that interspe- 
cific hybrids have uniformly intermediate characters. In general, J. mger 
is associated with the 2 other species, but it occurs alone in parts of its range 
(Hubbs, 1930: 11; Hubbs and Lagler, 1941: 41), therefore, in places where 
hybridization would not be expected. 

The theory of hybridization between Megastomatobus cyprinella and 
Ictiobus bubalus, at least as a common phenomenon, seems ruled out by the 
evidence. It would be difficult to prove, however, that hybridization does 
not take place between some of the more closely related species in the 
Ictiobinae. Because of extensive variation in each species of the 3 following 
combinations, it would be hazardous to identify hybrids between: Ictiobus 
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niger and I. bubalus; Carpiodes forbesi and C. cyprinus; Carpiodes carpio 
and C. velifer. 

These pairs are trenchantly distinguished from other pairs, but the 
2 members of each unit have very similar characters (Hubbs, 1930: 8-18). 
The distinctive features—parallel within each of the 3 pairs—mainly involve 
depth and compression of body, the expanse of the fins (particularly the 
dorsal), and the size of the eye. The first-named member of each pair is a 
slenderer, thicker fish than its cognate and has a lower dorsal fin, a larger 
mouth, and a smaller eye. These characters, however, exhibit so much indi- 
vidual and age variation that it is extremely hard at times to separate the 
related forms. It seems probable that the difficulties encountered in sepa- 
rating I. niger from I. bubalus, or C. forbesi from C. cyprinus, or C. carpio 
from C. velifer are due to an inadequate comprehension of these variations, 
to the closeness of the characteristics, or to insufficient analytical study. 
It cannot be regarded as demonstrated, however, that hybridization or inter- 
eradation does not occur between the 2 cognate species in each of the 3 pairs. 

Until the material was re-examined in the preparation of this paper, we 
thought that we had sufficient evidence to indicate the occasional hybridi- 
zation in nature between species of Moxostoma. Mention may be made of 
the 2 specimens formerly treated as hybrids in this genus, because they serve 
as examples of pitfalls into which one may stumble unless the identification 
of natural hybrids be made in a critical spirit and with full knowledge of 
the facts involved. 

One of the 2 specimens, an adult from the Muskegon River, Michi- 
gan, showed, when fresh, colors intermediate between those of Moxostoma 
rubreques and M. erythrurum (with which it was collected). Some of the 
counts and measurements intervened between those of the supposed parental 
species; other characters were similar to those of each species. A hybrid 
index of 47 indicated only a 3 per cent divergence from exact intermediacy. 
Confirmation of the hybrid interpretation seemed to come from a special 
measure of the degree of falcation or roundness of the dorsal fin, obtained by 
dividing the length of the eighth dorsal ray into that of the first principal 
ray, with results as follows: 

In 9 comparable specimens of M. rubreques ........... 1.27 to 1.37 (average, 1.32) 


In the 1 specimen misidentified as a hybrid ................ 1.47 
In 8 comparable specimens of M. erythrurwm ............ 1.40 to 1.67 (average, 1.58) 


On final recheck, however, it was thought possible that this specimen might 
be an example of Placopharynax carinatus, from beyond its supposed limits 
of distribution. An examination of the molar pharyngeal teeth verified this 
suspicion. It was just a coincidence that in certain respects this specimen of 
Placopharynx proved intermediate between 2 species of Moxostoma. 
Another specimen of Moxostoma, taken with M. aureolum and M. ani- 
surum in the Mississippi River, Wisconsin, was long interpreted as a hybrid 
between those species. The feature that first attracted attention was the 
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intermediate form of the lips (Pl. II, Figs. 3a-c). The fish was deeper and 
heavier-set than the usual (though not the extreme) awreolum, even deeper 
than the average anisurum. In some measurements it proved intermediate, 
in others beyond the range connecting the averages for the 2 species. The 
hybrid index was computed as 46, strongly verifying the assumption of 
hybrid origin. Yet other characters, such as the number of dorsal rays 
(12), the length of the dorsal base (about two-thirds distance forward to 
occiput), the length of the depressed dorsal (about equal to the dorsal—oeci- 
put interspace), the sharp point and moderate faleation of the dorsal fin, 
and the dark bases of the scales, were wholly typical of aureolum, not 
approaching the expression of these characters in anisurum (Hubbs, 1930: 
16-32). Such is not the genetic behavior of hybrids between systematic 
forms. Judgment was accordingly revised; the specimen was reidentified 
as an aberrant example of M. awreolwm in which, for some reason, the juve- 
nile V-shaped form of the lower lip was retained in the half-grown (the size 
at which the lip becomes truncate varies greatly). 

We are therefore able to present evidence for interspecific catostomid 
hybrids only within the genus Catostomus and between that genus and 
Pantosteus. 


IDENTIFICATION OF NATURAL HYBRIDS BETWEEN SPECIES OF 
CATOSTOMIDAE ~ 


A skeptical attitude should obviously be maintained toward the identi- 
fication as interspecific hybrids of any fish specimens collected in nature. 
Since ordinarily the evidence for such an interpretation will remain circum- 
stantial, every effort should be made to exclude other plausible explanations. 
Needless to say, the trustworthy identification of natural hybrids calls for 
a thorough knowledge of the systematics of the group. 

We have striven to avoid errors of interpretation in the identification 
of the catostomid hybrids. The supposed hybrid specimens have been 
thoroughly examined, and many diagnostic counts and measurements taken 
for detailed comparisons. Their characters have been compared with those 
of all species which were taken at the same place, or which might be expected 
to occur there. Due consideration has been given the possibility that the 
aberrant features of the presumed hybrids were caused by modification or 
mutation, for it is well known that the characters of one species may be 
altered to approach or even to correspond with those of a related species 
(witness the recent study on Catostomus by Hubbs, 1941a). The heredity 
that would have been involved in the production of the sucker specimens 
interpreted as hybrids has been compared constantly with the known ge- 
neties of experimentally induced hybrids in other families of fishes. 

Circumstantial evidence of a varied nature has led us to diagnose certain 
suckers as hybrids. It was first determined that an apparent hybrid had 
characters that exclude it from the limits of normal variation of any species 
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which does or may occur in the same region, or which might have wandered 
or have been transplanted therein. It was seen not to have the earmarks of 
a mutant sport. It was determined that all the appreciable characters of 
the ‘‘hybrid’’ were plausibly to be interpreted as the genetic result of the 
crossing of 2 species which are known to live in the same water or which can 
reasonably be assumed to occur there. It was thought legitimate to expect 
that hybrid suckers would follow the general rule (Hubbs, 1940: 205-9) 
that interspecific hybrids tend to be intermediate between the parental spe- 
cies in all systematic characters. 

Careful consideration was given to the possibility that the presumed hy- 
brids might represent hitherto undescribed species. The argument against 
such an interpretation usually ran as follows: the aberrant fish are too few 
to represent an established species, in regions as well worked as those from 
which the hybrids came, and they are too uniformly intermediate between 
the presumed parental species, both of which occur in the same area. In 
various features of distribution and ecology as well as in characters, they 
are most plausibly to be interpreted as hybrids and correspond with authenti- 
cated species-crosses in other groups. 

The intermediate characters serve most strikingly as evidence for hy- 
bridity, when the supposed parental species are separated generically. 
Throughout many of the waters of western North America the suckers are 
referable to 2 types, known as Catostomus and Pantosteus. Ordinarily, 
these types remain sharply distinct, particularly in the structure of the 
mouth (Pl. I). Only occasional specimens (those interpreted as hybrids) 
are sufficiently intermediate in mouth characters to break down the dis- 
tinction. 

The same specimens that show intervening features in one set of charac- 
ters, such as mouth structure, are also intermediate in various other features 
of form, counts, and measurements. Nowhere have breeding populations of 
the intermediate types been collected. They do not have the attributes of 
species. The only interpretation that fits the facts is that these aberrant 
specimens are the product of the natural crossing of distinct species. 

Most of the hybrids were accorded the final identification on first exami- 
nation, so striking was the intermediacy in appearance. A shift in opinion 
on further analytical study was made only for 2 specimens of the Moxostoma 
group (described above) and for a few young of the Catostomus macrochetlus 
x Catostomus syncheilus series. 

Perhaps the most serious initial doubt was involved in the identification 
of certain suckers from the Colorado River system of Colorado as hybrids 
between Catostomus commersonnii sucklii and Pantosteus d. delphinus. In 
the first set obtained, the hybrids were small ; and no coarse-scaled Catostomus 
of any kind was known from the upper waters of the Colorado system. The 
occurrence there of such a species was called for, however, to explain the 
source of the characters of the hybrids, of which Pantosteus delphinus (taken 
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there) was obviously one parental species. The second parent was identified 
as Catostomus commersonnii sucklii on the seemingly hazardous assumption 
that this species of the Mississippi Valley had been transplanted (as bait?) 
across the Continental Divide. A suggestion that this might have happened 
came from the inclusion of 2 Mississippian minnow species (Semotilus a. 
atromaculatus and Pimephales p. promelas) in the small series containing 
the unexpected hybrid. This collection was seined in the headwaters of the 
Colorado River at Hot Sulphur Springs, Colorado. We have been informed 
that this is a favorite fishing spot for residents of Denver, who may very well 
have carried live bait minnows across the divide; and in 1942 we noticed 
that this stretch of water was being heavily fished by Colorado residents 
(mostly fly-fishermen, however)., After the Hot Sulphur Springs collection 
was studied, material of Catostomus commersonnii sucklii, as well as of Pan- 
tosteus d. delphinus and of 2 additional hybrids between these species, was 
taken in the Colorado River system of southwestern Colorado. The original 
diagnosis was thus upheld. Furthermore, the first Catostomus catostomus 
griseus to be recorded from the Colorado River drainage was included, to 
confirm the view that fishes native to the eastern drainage have somehow 
gotten over the Continental Divide. The accidental transfer of another bait 
fish across the Continental Divide has recently been reported by Simon 
(1942: 7, 17), who wrote that Platygobio gracilis has thus become estab- 
lished in the Snake River system. That Catostomus commersonnu sucklu 
and Catostomus catostomus griseus (and Semotilus and Pimephales) are not 
native in the Colorado River system is indicated by the reports of Jordan 
(1891), Ellis (1914), and all other ichthyologists who have worked in the 
Rocky Mountain region. 

Mr. C. N. Feast and John D. Hart of the Colorado Fish and Game Com- 
mission have just told us that they too think that Platte River suckers have 
been introduced into the Colorado River system. Suckers first appeared in 
the South Mesa Lake country in the Colorado headwaters about 1926, and it 
is thought that they were carried over by bait fishermen, perhaps by Japa- 
nese farm laborers, who were brought in about that time. Since then, 
suckers, thought not to be of the native species, have multiplied so fast in the 
Colorado River waters as to become a problem. 

With the exception of the above-mentioned collection from Hot Sulphur 
Springs, both presumed parental species were taken with the hybrids, or, 
in the case of small collections, at a locality near by. When all the available 
evidence is considered, it seems obvious that both parental kinds live wher- 
ever hybrid suckers occur. 

One of the strongest lines of evidence in favor of our interpretation of 
certain suckers as hybrids is the circumstance that these specimens are inter- 
mediate between the specific parental types occurring in the same region. 
Thus, the specimens regarded as hybrids between Catostomus and Pantosteus 
are not only intermediate between the 2 genera but also show their affinity 
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to the particular species of these genera with which they were taken. The 
evidence for this statement can be adduced from the detailed accounts for 
each combination and is well shown in the comparative drawings of lip struc- 
ture-( Pl. 1), 

Unfortunately, no opportunity has arisen in the present study to confirm 
by breeding experiments or by cytological observations the strong circum- 
stantial evidence that the supposed hybrid suckers are really the result of 
interspecific crossing. However, all the available systematic and natural 
history information checks with the data on hybrid combinations which have 
been verified by controlled matings; by observations of the 2 supposed 
parental species spawning together in nature; by evidence of hybrid vigor 
in growth, pigmentation, ete.; and by peculiarities in the cytological struc- 
ture and in the behavior of the gametes. Such confirmation has been pro- 
vided in some of our other studies (as those of Hubbs and Hubbs, 1932-33). 


HYBRIDS BETWEEN SPECIES OF CATOSTOMUS 


Except for the combination of Catostomus macrocheilus with 2 sub- 
species of Catostomus syncheilus, hybrids within the genus Catostomus 
prove to be extremely rare. This rarity of hybrids is due in part only to 
the circumstance that a single species of Catostomus occurs over much of the 
range of the genus; there are large areas in which 2 species live together. 
The 5 known Catostomus x Catostomus specimens, other than those between 
the 2 Columbia River basin species named above, are referable to the cross: 


1. Catostomus commersonnii sucklii x Catostomus catostomus griseus 
2k IE, Iles, Bins I, WL, Mie, @)) 


U.M.M.Z.1 No. 105634: 1 yearling 68 mm. in standard length, collected by W. Petra- 
vicz and Middendorf in the North Fork of South Platte River near Pine, Jefferson County, 
Colorado, at an altitude of 6900 feet; July 20, 1938. 

U.M.M.Z, No. 132230: 1 half-grown 151 mm. long, seined by Carl L. Hubbs and 
family in Laramie River (tributary of North Platte River) , east of Bosler, Albany County, 
Wyoming, at an altitude of about 7000 feet; September 17, 1934. 

U.M.M.Z. No, 135190: 2 young and 1 yearling, 33, 44, and 101 mm. long, taken by 
Raymond BH. Johnson and Paul Romberg in North Platte River near Henry, Scotts Bluff 
County, Nebraska; July 23, 1940. 


No specimens of Catostomus commersonniti sucklii were included in the 
small collection containing hybrid specimen, U.M.M.Z. No. 105634, but ex- 
amples of this parental species were secured by the same collectors near by. 
No other species of Catostomus occur in the region. After re-examining 
their material we can affirm that Evermann and Cox (1896: 391) erred in 
referring the fine-scaled suckers of the Platte River system to 2 full species, 
C. griseus and C. catostomus. Our studies have led to the conclusion that 
griseus is the southern, montane representative of C. catostomus and that it 


1U.M.M.Z. refers to the catalogue of fishes in the University of Michigan Museum of 
Zoology. 
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differs from the typical subspecies most noticeably in the greater height and 
width of the snout, which is less pointed in either dorsal or lateral aspect: 
except in fish less than 100 mm. long the least distance between the nostrils 
is more instead of less than two-thirds the postorbital length of the head 
(Table IIT). 

There are some indications that C. c. griseus may inclnde 2 recognizable 
races, a fine-scaled mountain form and a relatively coarse-scaled one on the 
Plains. Unless this be true one might conclude that there is, or has been, 
considerable hybridization on the Plains between griseus and the very coarse- 
scaled Plains white sucker, C. commersonnii sucklii (see Evermann and Cox, 
1896: 392-94). In other characters, however, the Plains specimens of 
griseus with as few as 83 to 90 scales in the lateral line (including those so 


TABLE I 


RELATIVE NUMBER OF Hysrips, Catostomus commersonnii sucklit x Catostomus 
catostomus griseus, AND OF THE PARENTAL KINDS 


: < : c eae Catostomus Catostomus 
SEES leer i is ee commersonnit Hybrids catostomus 
8y sucklit griseus 
In collection containing hybrid 
UEMEME Zim NOs OD 6340 aemetenner ss 0 1 23 
U.M.M.Z. No. 132230 12 1 12 
U.M.M.Z. No. 135190 157 3 6 
Hotlines See Pets Cente eS 169 5 41 
From the Platte River system oo... 1250* | 5 | 692 


*Some of these specimens came from localities east of the known range of OC. c. 
griseus. 


identified by Evermann and Cox) show no distinctive approach toward 
sucklii; we regard them as direct variants of griseus, rather than as products 
of recent or past hybridization. Southern, lowland, and other warm-water 
races in fishes commonly tend to show a reduced number of scales and other 
segmental structures (Hubbs, 1918, 1921, 1925, 1926, 1927, 1934, 1940, 1941a 
and 0; Hubbs and Kuhne, 1937). 

The 5 hybrids between Catostomus commersonni suckli and Catostomus 
catostomus griseus are essentially intermediate in their ensemble of charac- 
ters, though in the combined hybrid index (Table XX XTX) one of the speci- 
mens closely approaches sucklii and one is somewhat more like griseus than 
an exact intermediate. Taking all characters into account, however, it is 
believed that all 5 specimens are correctly diagnosed as hybrids. 

In number of dorsal rays (Table XXXII) the specimens average inter- 
mediate, but on this basis alone could not be checked as hybrids since the 
modal number of rays is only 1 different in the 2 kinds (11 in sucklu and 
10 in griseus). The scale counts (Tables XX XIII to XXXVII) are more 
diagnostic, The number of transverse rows along the position of the lateral 
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TABLE II 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnii sucklit 
AND Catostomus catostomus griseus, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


North Platte River, South Platte 
Wyoming and Nebraska River, Colorado 
Size group, mm. 
C. commersonnii sucklit ......... 32-57 66-125 126-182 77-131 
(44) 10 (98), (148), (103). 
EVV DTG: ee csscscsn tarceattnconacestieaton Chee CUM) caereeners || cancer: 
(39). (101), (151), (68), 
C. CAFOSTOMUS GIISEUS corcccccooee. 32-57 64-113 127-173 68-156 
(43) (93)» (144), (90)10 
Body depth 
C. commersonnitt sucklit ......... 197-215 193-215 187-211 208-225 
(204) (205) (196) (216) 
EVD ELA Siena ee eee BOSQUE ieee cee eee ee een | es 
(209) (193) (179) (208) 
C. CatOStOMUS GLISEUS -oecceccceenn 167-219 174-207 176-200 172-191 
(193) (192) (190) (179) 
Caudal peduncle, depth 
C. commersonnii sucklit ........ 82-97 95-108 83-96 92-101 
(93) (98) (89) (97) 
Ely brid Suess ee een en eee oo D298 OF | Vereen eee ae 
(95) (98) (86) (105) 
C. CAFOSEOMUS GTISCUS crecccecece on 84-102 87-107 75-90 88-101 
(91) (96) (86) (95) 
Head length 
C. commersonnii sucklit ........ 279-305 264-293 274-297 254-274 
(293) (283) (283) (265) 
lay DLC Sige sees ec eee cme eae 27 (S29 Dol een ca ans |) eee ee en | rr 
(284) (254) (272) (292) 
C. CAtOSEOMUS GIISEUS cocccscesnn 267-296 235-272 227-256 230-270 
(286) (258) (242) (257) 
Head depth 
C. commersonnit sucklis .......... 171-182 155-181 166-181 165-174 
(178) (173) (174) (171) 
cETy 10111 Cl Segoe eee nen ere oe ae MUS YEAIWAD) | camauatcciem Al einouotastecen Reenter 
(163) (145) (162) (168) 
C. CATOSTOMUS GTISEUS cocoon 153-164 137-160 129-148 129-160 
(159) (147) (185) (146) 
Head width 
C. commersonnii sucklit ........... 163-175 155-176 163-176 160-177 
(168) (166) (168) (167) 
iy pri ds ee ec en wesc eer LB2-152 || Tage eel Cece oe re 
(152) (157) (156) (163) 
C. CatostOMUs GriSeUS cocoon. 142-168 150-170 147-162 146-161 
(160) (159): (153) (153) 
Snout length 
C. commersonnii sucklit .......... 103-125 116-136 121-143 113-128 
(114) (126) (131) (124) 
SIA ite URE Rr 5 eee 108-109: | “a2. | eee | 
(109) (123) (126) (181) 
C. CAFOSTOMUS GTISEUS corceccoeoe 108-122 108-130 108-120 104-124 


(116) (118) (115) (112) 
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North Platte River, 
Wyoming and Nebraska 


South Platte 
River, Colorado 


Mouth width 
C. commersonnii sucklii 


Cartilaginous ridge, width 
C. commersonnit sucklit 


dl] SUG SY astern cee eee reson eee 


C. CAFOSTOMUS JTISEUS ero: 


Mouth length 


C. commersonnii sucklie .......... 
ERY OICEGS ieeeress ctr ear oor 


C. CAtOSTOMUS GYISEUS eee 


Lower lip, union 


C. commersonnit sucklia .......... 
1B BVA ORRIN) ordrtee ee eee 


C. CAtOSTOMUS YJTISEUS ores 


Dorsal fin to occiput, distance 


C. commersonnit sucklis .......... 
JBDyADAUGES ee scommenten ee cores : 


C. catostoMUs GriSeUS occ 


Dorsal fin base 


C. commersonnii sucklis .......... 
TSAO GIS —.ceewteineeaeotoaeeore 


C. CAtOStOMUS GTISEUS ecco 


Depressed dorsal fin, length 


C. commersonni sucklii ......... 


72-85 
(77) 

82-85 
(83) 

82-95 
(87) 


40-48 
(42) 

45-49 
(47) 

49-61 
(53) 


51-63 
(56) 
62-63 
(63) 
55-69 


(62) 


7-18 
(11) 
9-9 
(9) 
11-13 
(12) 


240-262 
(253) 
239-248 
(243) 
220-261 
(240) 


153-179 
(170) 
158-161 
(159) 
146-172 
(159) 


241-271 
(255) 
235-246 
(241) 
234-253 
(241) 


67-90 
(77) 


13-18 
(15) 


12-18 
(14) 


254-278 
(265) 


(166) 


(257) 


12-14 
(18) 

Pe 
9-17 
(14) 


254-284 
(273) 


(164) 


(253) 


74-90 
(83) 


ae 
78-102 
(86) 


(277) 


(157) 


(246) 
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line is the most critical count, for in this character the 2 parental species are 
separated by a wide gap, and 4 of the 5 hybrids show no overlap on the range 
of variation of either. 

In the proportionate measurements (Table IT) the difference between the 
parental species is generally slight, and many of the variations overlap 
widely. It is not surprising, therefore, that in these respects the hybrids 
show little clear-cut evidence of their mixed parentage. As a whole there is 
an average tendency toward intermediate proportions. The intermediacy 
is perhaps best shown, by 4 of the 5 hybrids, in the proportionate length of 
the depressed dorsal fin. 

Better evidence for the hybridity of the 5 specimens comes from other 
characters (Pl. III, Figs. 1-8). Compared with C. commersonnu sucklu, 


TABLE III 


PROPORTIONATE WIDTH OF SNOUT ON HYBRIDS BETWEEN Catostomus commersonnit sucklit 
AND Catostomus catostomus griseus, AND OF THE PARENTAL SPECIES* 

Expressed in terms of the internarial distance (between median rims of anterior 
nostrils) stepped into postorbital length of head (distance from posteroventral rim of eye 
to free edge of subopercular membrane). Average values, with number of specimens in 
parentheses. 


Internarial Space in Postorbital Length 


Length groups of speci- 


SOOYC) OU stizs sence ee ee aR To 50 mm, 50-100 mm. 100-150 mm. | Over 150 mm. 
Catostomus commersonnit 

SUCIL Tween Steed ta ae Uae 2.0 (12) Ay (Gl) Ue) (aL) 1.8 (8) 
ISU On ANON) enact sneer 1.9 (2) tee (G0) 1.6 (1) Tere GD) 
Catostomus catostomus 

IGUUSCALS ane etn ee ee WA CLA) 1.6 (18) 1.4 (19) 1.4 (11) 


* These data were obtained too late to be used in the subsequent computations of 
hybrid intermediacy. 
C. catostomus griseus has more even contours, less gibbous in the anterior 
trunk region, less constricted toward the caudal peduncles; the hybrids are 
in between. The snout of griseus is flatter on top than that of sucklii and 
is less decurved in dorsal outline, and it has a much more swollen tip which 
projects much farther beyond the strictly inferior, rather than somewhat 
oblique, mouth; in these respects, too, the hybrids are visibly intermediate. 
In specimens about 100 mm. in standard length the snout of griseus is dis- 
tinetly longer than the postorbital, that of the hybrid is about as long, and 
that of suckli is definitely shorter than the postorbital. In smaller speci- 
mens the snout is relatively shorter in both species and in the hybrids, but 
the relative distinction holds. Similar intermediate hybrid relations hold 
for the width of the snout, as measured by the internarial space (Table IIT). 

The hybrids are transitional again in the markedly different mouth 
structures (Pl. IT, Figs 2a—c). Compared with sucklu, griseus has the whole 
mouth more horizontal, flatter, and more expansive. Both lobes of the lower 
lip are fuller, therefore with a longer separating incision. The papillae of 
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the lower lip are coarser. The upper lip of griseus (approaching that of 
Pantosteus) is somewhat pendant and tends to have an edge separating a 
relatively smooth outer face from a very coarsely and boldly papillate inner 
surface ; in sucklu the upper lip is more strongly and more uniformly swollen 
and rounded, shows almost no differentiation of an outer and an inner face, 
and is remarkably uniform in papillation. The cartilaginous ridges or biting 
edges of the jaws in griseus (again approaching Pantosteus) are much 
stronger, and are more transverse and wider than in swcklu—in which these 
ridges are rudimentary. The tangible differences in mouth structure sepa- 
rate griseus widely from sucklu, leaving a gap into which the hybrids fit. 

The 5 specimens also give evidence of hybridity in coloration. The young 
of sucklu have 3 large and rather intense dark blotches along the side of the 
body, one close to the head, another below the dorsal fin, and the third near 
the base of the caudal fin (Pl. IV, Fig. 1). These same marks are evident 
in griseus (as in many other suckers), but in that species are smaller and less 
conspicuous and show a greater tendency to grade into the general dark 
marbling on the upper sides (which is more prominent than in sucklw). In 
sucklii the pattern is less sharply bicolored, for the dark upper parts tend 
to contrast less markedly and less abruptly with the white lower sides. The 
individual scale pockets of suckli are usually the more sharply set off, by 
light centers and by dark-lined borders (PI. III). All these characters vary 
with size, but the relative differences persist through most of the life cycle. 
When the hybrids are compared with specimens of the parent species of like 
size, the intermediate pigmentation is apparent. 

The life colors were also found to be transitional. According to our field 
notes the half-grown specimen from Laramie River had the dorsal shade of 
intervening darkness. Intermediacy was also seen in the slight golden tinge 
of the lower surfaces, and in the slightly yellowish lips. The lower fins had 
an intermediate amount of red: they were brighter than the pale dirty amber 
of sucklii, duller than the bright orange amber of griseus. 

Considering all characters, we are convinced by the evidence that Catos- 
tomus commersonnii sucklit and Catostomus catostomus griseus occasionally 
mate in nature to produce hybrids. 


2. Catostomus macrocheilus x Catostomus syncheilus syncheilus 
(Pl. II, Fig. 1; Pl. VI, Fig. 10) 


U.M.M.Z. No. 98651: 3 large young 36.5 to 46.5 mm. in standard length, collected by 
Leonard P. Schultz and Marvin Bowers in sloughs of Wenatchee River at its confluence 
with Columbia River, near Wenatchee, Chelan County, Washington; August 23, 1932. 

U.M.M.Z. No. 98736: 1 young 29 mm. long, seined by Schultz and Bowers in Grande 
Ronde River in Asotin County, Washington, between Antone, Washington, and Paradise, 
Oregon; August 29, 1932. 

U.M.M.Z. No. 98757: 3 young to half-grown specimens, 35.5, 95, and 113 mm. long, 
taken by the same collectors in Grande Ronde River 1 mile above Elgin, Union County, 
Oregon; August 30, 1932. 
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U.M.M.Z. No. 98761: 3 young 33 to 41 mm. long, obtained on the same expedition in 
Grande Ronde River at Perry, Union County, Oregon; August 30, 1932. 

U.M.M.Z. No. 98776: 37 young 28.5 to 44 mm. in length, seined by Schultz and Bowers 
in a slough and on the riffles of Umatilla River at Rieth, below Pendleton, Oregon; August 
30-31, 1932. 

U.M.M.Z. No. 98777: An adult 190 mm. long, taken by the same party in Umatilla 
River at Echo, Oregon; August 31, 1932. 

U.M.M.Z. No. 98793: 7 large young to half-grown, 47.5 to 108 mm. long, secured by 
Schultz and Bowers in Umatilla River at its confluence with the Columbia; August 31 and 
September 1, 1932. 

U.M.M.Z. No. 130471: 9 yearling and half-grown fish, 60 to 150 mm. in standard 
length, obtained by Carl L, Hubbs and family in Sucker (= Succor) Creek, a tributary of 
Snake River, above Rockville, Malheur County, Oregon, about 4 miles from the Idaho line 
(Town 24 S., Range 46 HE.) ; July 24, 1934. 

U.M.M.Z. No. 130482: 1 half-grown of 142 mm., seined on the same trip in Jordan 
Creek, a tributary of Owyhee River, at Ruby Ranch about midway between Jordan Valley 
and Rome, Malheur County, Oregon (T. 30 S., R. 44 H.); July 24, 1934. 

U.M.M.Z. No. 131787: 1 yearling 35 mm. long, seined by Leonard P. Schultz and Leo 
Erkkila in Crab Creek 1 mile above Beverly Slough (formed by flood water from the 
Columbia River); June 19, 1932. 

U.M.M.Z. No. 131788: 2 yearlings, 34 and 36 mm. in length, taken by the same col- 
lectors in Crab Creek at Smyrna; June 19, 1932. 

U.M.M.Z. No. 138616: 1 young 36 mm. long, collected by Stanley G. Jewett, Jr., and 
Edwin Niska about 1 mile above Umatilla River dam; September 17, 1940. The counts 
and measurements of this specimen are intermediate, but it was discovered too late for 
inclusion in the tabulations. 

TABLE IV 


RELATIVE NUMBERS or Hysrips, Catostomus macrochetlus x Catostomus syncheilus syn- 
cheilus, AND OF THE PARENTAL KINDS 


Specimens in University of Michigan Museum | Catostomus 6 Catostomus 
of Zoology macrocheilus| Hybrids synchedus 
k syncheilus 
In collections containing hybrid 
U.M.M.Z. No. 98651 73 3 0 
U.M.M.Z. No 20 il 0 
U.M.M.Z. No 8 3 39 
U.M.M.Z. No 0 3 3 
U.M.M.Z. No 120 37 88 
U.M.M.Z. No 16 1 3 
U.M.M.Z. No 116 7 3 
U.M.M.Z. No 6 9 125 
U.M.M.Z. No 3 il 3 
U.M.M.Z. No ug at 0 
U.M.M.Z. No 0 2 6 
U.M.M.Z. No 9 1 3 
POO ee tne ear eon sae ee 384 69 273 
From the Columbia River system ou... 969 69 1341* 


* Jn this total we include all available material of syncheilus other than the Palouse 


River population of C. syncheilus palouseanus, though other subspecies are seemingly 
included. 


The failure to get both parental species at 5 of the 12 localities where 
hybrids were secured is not very surprising. Hybrids Nos. 98651 and 131787 
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were collected in sloughs where macrocheilus. but not syncheilus would be 
at home. Catostomus syncheilus shows a greater preference for smaller 
and more rapid waters. C.macrocheilus is widespread ecologically, though 
the adults and many young tend to drop back into quiet pools and bayous. 
In the spring spawning season both species no doubt seek out gravelly 
stretches in creeks, as this is the usual spawning locale for suckers in general 
(Reighard, 1920). Schultz (1941: 28) definitely stated that CO. macrocheilus 
““spawns in the spring, usually in April and May, when large numbers 
migrate up the stream and deposit their eggs on the gravel riffles in swiftly 
flowing water.’’ The fact that either the one or the other parent species 
only was taken with hybrids Nos. 98736, 98761, and 131788 may be attributed 
to chance and to the small size of the collections, for both parental forms 
occur in similar habitats in the immediate vicinity. 
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CHARACTER INDEX : SUM OF SCALE COUNTS MINUS NO. OF DORSAL RAYS 


Fie. 1. Comparison of hybrids, Catostomus macrocheilus x Catostomus s. syncheilus, 
with the parental species in a character index involving scale and ray counts (Table V). 


Until recently the status of the forms of Catostomus in the Columbia 
River system was very much confused, but it now appears clear that 3 spe- 
cies are represented there (Schultz, 1941: 27-30). Of these, Catostomus 
catostomus (as subspecies pocatello and either catostomus or griseus) is 
largely confined in this drainage basin to the Rocky Mountain region. More 
widespread are (1) the well-known, coarse-scaled C. macrocheilus, and (2) 
a form long confused with C. catostomus, though now known to be quite 
distinct. This second species is Catostomus syncheilus Hubbs and Schultz 
(1932). The differential features of C. macrocheilus and C. syncheilus 
should be kept clearly in mind, for these are obviously the species which 
hybridize with considerable frequency. 

On the average, the hybrid indices for each individual of the C. macro- 
cheilus x C. syncheilus syncheilus combination show the expected interspe- 
cific intermediacy: the average value for the 68 hybrid specimens is 53 
(Table XXXIX). Approximately half (33) of the specimens have the 
index between 45 and 75. The considerable spread is probably to be at- 
tributed less to the true variability of the hybrids than to the small size of 
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most of the examples at hand. Probably few if any of the specimens are 
misjudged to be hybrids, but on account of the small size the differences in 
proportions are minimized and the counts and measurements are subject to 
considerable error. 

The interposition of the hybrids is again illustrated by the counts. In 
the number of dorsal rays and in the counts of scales in the several series, 
the hybrids bridge over the gap between the parental species (Tables XX XII 


TABLE V 


CHARACTER InDIcES (Sum or ALL ScaLe Counts Minus NuMBER or Dorsan RAYS) IN 
HYBRIDS BETWEEN Catostomus macrochetlus AND Catostomus synchewlus, 
AND IN THE PARENTAL SPECIES 


Columbia River System Palouse River System 


(Hxeluding Palouse Division) 

2 2 2 
Character ss eG Ss Sas 
Index s = mn = s iS = = nm = = 3 
SS mo Sa os co) S'S 9 
BS ia Pe as) oe bes 
$5 & SSS) S & 2 oss 
8 = ees ese Ps ses 
os ies S PS os a SRS, 
121-130 LOS = Reo Ree VS ae | ee 
131-140 O20 shi) p Bee me See Th * Sees Pierre 
141-150 ee Leen Pe ae es DBs) 1h SP oe ee 
151-160 Syl, Syn eel ie Tey | eee | eh eee 

161-170 | ee eee A tl eee eae 
{FI=IS0 Geta ladles Pe | omen: 1). ieeee at ae 
eee S12100 See ee. 10 kt eee en Peo. 
OT —2 (eee elem es 4 Mee Bh years tee ae on eee he ak 
2 i 1K) Meeemeereecn|) weer: 2 OF ae Ley eee 
PAESRTAUE Scere Mave an wail Meher. LS tl eee LN eal Ree af 
OES 3 (Vie eer | de ee ea | Pe D> 2 Vy A A ere if 
BER Coe aceasta ean Hh eens De eee A We ae 
241-250 Se Dn Ghee Olk eee OP |e ear ane || em oe 2 
Dol 260) eee 2s-5 I) ose: | Ace ll Pe es er er | iL 
SPECIMENS” Venere 35 23 43 29 2 30 
Average! sanccaa.ces 145 186 218 150 197 229 
Standard errort ......... 1.4 1.8 1.6 TBS bottle see ave 2.0 
WE. Aca pee bye 4.6 4.8 65> Dies eee 4.8 


* The number of specimens is lower than in other tables because all of the scale counts 
could not be taken accurately in some of the smallest fish. 


+ Computed from the original, unclassed data. 


to XXXVII; Fig.7). There is considerable overlap in each of the compari- 
sons (without, however, a marked increase in variability). The transeres- 
sion of the hybrid characters on those of the 2 species is almost wholly 
eliminated when the counts are combined into a character index, similar 
(but not quite identical) to that used by Schultz and Thompson (1936; 74— 
75), in the distinction of Catostomus syncheilus palouseanus. The index as 
here used is obtained by adding all the scale counts (which tend to be higher 
in syncheilus) and then subtracting from this sum the dorsal ray count 
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(which tends to be higher in macrocheilus). The results, for the 2 macro- 
cheilus x syncheilus comparisons, are given in Table V and Figure 1. The 
frequency distribution for the hybrids is unimodal and essentially normal, 
and again there is no increase in variability. 

Similar intermediacy is exhibited by the proportionate measurements 
(Table VI), though less strikingly than for the counts because of the greater 
variation and greater overlap in the dimensions. Definite intermediacy for 
all or nearly all of the comparisons (broken down by locality and by size 
group) is indicated for the length and depth of the head, the width of the 
mouth and of the cartilaginous ridge, the length of the union of the lower lip 
(except in young fish), the distance from the dorsal fin to the occiput, and, 
particularly well, for the basal length and the depressed length of the dorsal 
fin. <A slight tendency toward intermediacy is shown for the depth of the 
caudal peduncle. The 4 other measurements (body depth, head width, snout 
length, and mouth length) are not critical. 

As pointed out earlier, hybridity is not demonstrated for a group of 
specimens by an intermediate average measurement for any part of the body, 
since a mixture of specimens of the 2 supposed parental species would also 
yield an intervening average. Hybridization without any clear-cut Men- 
delian segregation will be indicated when the specimens in question have a 
unimodal frequency distribution about an intermediate mean. Unequivocal 
testimony of this sort is difficult to obtain for measured characters, because 
almost all the proportions vary so much with age and locality that any 
reasonable units of comparison ordinarily contain too few specimens to show 
the true nature of the frequency distributions. Inspection of the relatively 
abundant data for the C. macrocheilus x C. s. syncheilus cross, however, indi- 
cates that the hybrids tend to be intermediate in the proportionate measure- 
ments, with a clustering of the values about the intermediate means. 

Two of the more significant measurements have been combined into a 
simple character index to test the frequency distribution of the resulting 
proportion about the intermediate mean. This index is: 

Distance from origin of dorsal fin to occiput 
Length of depressed dorsal fin 
It is applied to young specimens 25 to 63 mm. in standard length for 2 
reasons: 

(1) The hybrid nature of small specimens is in special need of confirma- 
tion—the hybridity of the larger individuals is more palpably evident. 

(2) The index is consistent only in the young. Some of the larger speci- 
mens of each group (macrocheilus, hybrids, syncheilus) have the index about 
as in the young; others have a smaller fin, giving a higher index. Wither 
sexual dimorphism or a differential attainment of maturity at comparable 
sizes introduces a complexity. Between the lengths of 25 and 63 mm. analy- 
sis shows no significant progressive change in the index. Therefore, the data 
for this size range only are considered. It is clear from the data (Table VII 
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and Fig. 2) that the indices for hybrids have an intervening mean, have the 
same order of variability, and form an approximately normal unimodal fre- 
quency distribution. Their identification as hybrids is confirmed and no 
simple Mendelian segregation is suggested. The data for other measure- 
ments, though analyzed in less detail, seem to show the same sort of statis- 
tics; as do the dorsal-ray and scale counts (compare Table VII with Tables 
XXXII to XXXVII). 

A further confirmation of the hybrid interpretation is provided by the 
pelvic-ray count—a character discovered after the paper was written. Again 
we note intermediacy with no increase in variability (Table VIII). 

The intermediacy of the hybrids is well shown also in characters that are 
not so readily analyzed as’are the counts and the ordinary proportions. 


HYBRIDS 


/ 
ie 


CAT OSTOMUS CATOSTOMUS 


MACROCHEILUS 5. SYNCHEILUS 


SPECIMENS 


[5 0 ees (SS CORE CSO ie 05m) LOOM LOSumE IO 
=.69 -74 -19 -64 -89 -94 -.99 -104 -1L09 -1.14 


DORSAL—OCCIPUT DISTANCE=~DEPRESSED DORSAL LENGTH 
Fic. 2. Comparison of hybrids, Catostomus macrocheilus x Catostomus s. syncheilus, 


with the parental species in the ratio of the dorsal—occiput distance to the depressed dorsal 
length (Table VII). 


Thus the snout tends to be less depressed and less prominently projecting 
beyond the mouth than in syncheilus, but more so than in macrocheilus ; the 
hybrids tend to be intermediate (Pl. VI, Figs. la—c). 

As in most sucker hybrids, the mouth structures also exhibit intermediate 
characters (as shown in PI. II, Figs. la—c; compare also Figs. 2a—c on Pl. 
VI). The intermediacy is shown in every one of the following features, by 
which the lips of syncheilus differ from those of macrocheilus: 

1. The lips are broader and flatter. — 

2. The upper lip is less gibbous and more pendant, especially around the 
front of the mouth. It has a definite edge (scarcely represented in macro- 
cheilus), which separates an outer nearly smooth face from an inner strongly 
papillate one. In macrocheilus there is only an incipient differentiation of 
this sort. 
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TABLE VII 


FREQUENCY DISTRIBUTION OF THE RATIO OF THE DISTANCE FROM THE ORIGIN OF THE 
DORSAL TO THE OCCIPUT, TO THE LENGTH OF THE DEPRESSED DORSAL FIN, IN 
HYBRIDS BETWEEN Catostomus macrochetlus AND Catostomus syncheilus 
syncheilus, AND IN THE PARENTAL KINDS 


Measured in young specimens, 25 to 63 mm. in standard length. 


Dorsal to Occiput + Depressed Dorsal Length 


ve loz (ee [oe )ga lez | se/se|selsx 

Soo so Se |oas ja | SS so dod do dd 
C. macrocheilus ...... il 4 14 14 allt 4 LD ee | eee | eee 
ELV DELS pent ed. 2M iil eae 2; i53 12 PAL if 2 16) 
C. s. syncheilus...... keer || aera | dace ole | mee 1 8 19 8 3 2 

Statistical Computations 
; Hybrid Index 

No. Range Ave." | 8.H.* Me with Standard Error 
C. macrocheilus ...... | 49 0.66-0.97 COMSEF || OE Wh FE crerertcetiece 
TER ylonaGls) chen meaes 50 0.79-1.02 0.91 | .008 | 6.4 56+6 
C. s. syncheilus...... 41 0.88-1.12 OHS W OO Bee Pence 


* The averages and standard errors were computed from the original unclassed data. 


TABLE VIII 


NUMBER OF PELVIC RAYS IN HYBRIDS BETWEEN Catostomus macrocheilus AND 
Catostomus synchetlus, AND IN THE PARENTAL SPECIES* 


Number of Rays in Both Pelvie Fins 


Region and Kind 
18 19 20 21 22 23 24 


Exclusive of Palouse River system 


CO, CUOOOPICUUS: srcceneseresrrnvcnvenciea || ome Weer 7 12 64 6 4 

Tey OYSIGKE)  Soromesens ul!| meee 1 21 12 28 2 | eee 

C. s. syncheilus 2 42 26 SL eee all 
Palouse River system 

Co TOEROCOOMIUS criricreemcentermeceracensnnn || come 1 il 31 4 if 

IEE VO TLS Sesmeres eee ener, afer ke eet gl ieee || ee 1 2 ee || ees | ee 

C. s. palouseanus 1 2 27 ial AST Ge ain eee 


Statistical Computations 


- 
Hybrid 
No. Ave. S.E. V Index + §.E., 
Exclusive of Palouse River ges 
O™ macrochetlts vce ee 93 | 21.87 ollll omni VPS 
ly brids ei. 64 | 21.14 12 4.6 65+14 
C. s. syncheilus 109 | 20.74 | 1110 5.1 feces 
Palouse River system * | | | 1 
OC. MACTOCNEUUS eer 48 | 22.19 14 Ae | nt epee nee 
FEYDTIAS eccscsnens 3 | 20.679] .332| 2.39 989 
C. s. palouseanus 55 | 20.64 13 4.65 


* These data were obtained too late to be used in the subs i 
Mena catac. equent computations of 
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3. At the outer angle of the mouth where the 2 lips are joined, a slight to 
moderately deep indentation is often developed, at the end of a crease be- 
tween the upper and lower lips (this feature is hardly shown by the speci- 
men drawn for Fig. 1c, Pl. IL). In macrocheilus this groove is less well 
developed and does not reach the edge of the mouth, and there is no emargi- 
nation at the angle. 

4. The median incision between the lobes of the lower lips is less devel- 
oped. The 2 halves of the lip are connected by a flatter and broader isthmus, 
across which there pass 2 to 5 instead of 1 to 2 rows of papillae. 

5. The cartilaginous ridges of the mouth are much more strongly devel- 
oped, wider, and less curved (more nearly transverse). This development 
approaches that of Pantosteus, but is much less extreme. 

Similar intermediacy is exhibited in the coloration. Catostomus syn- 
cheilus is darker than macrocheilus. The fine dark mottlings of the upper 
parts tend to be more prominent. The dark color usually extends farther 
down across the lower sides and tends to grade into the light lower surface, 
rather than to give way somewhat abruptly to a light ventrolateral area on 
the head and body. In all these respects the hybrids tend to be transitional 
between the parental species. 

A few specimens which we have interpreted as hybrids, particularly in 
the collections of young, may well belong to either the one or the other of 
the parental species, and a few diagnosed as the pure species may be hybrids. 
Most of the determinations, however, seem correct. 

We conclude that Catostomus macrocheilus and Catostomus syncheilus 
syncheilus hybridize rather commonly. A rather uniform intermediacy per- 
vades all the known distinguishing features: number of dorsal and of pelvic 
fin rays; number and size of scales on all parts of the body; differences in 
proportions and form; distinctive characters in the structure of the mouth; 
differences in coloration. The intermediacy in any one of these systems 
would suggest hybridization; the intermediacy in all respects virtually 
clinches the conclusion. By any other theory it would be difficult to explain 
why the specimens intermediate in counts (Fig. 1) should also show inter- 
vening proportions (Fig. 2). The multiple-factor type of inheritance is 
indicated for all the systematic differentiae. 


3. Catostomus macrocheilus x Catostomus syncheilus palouseanus 
(Pl. VI, Fig. 2b) 
U.M.M.Z. No. 98709: 1 yearling 65 mm. and 1 adult 204 mm. in standard length, 
seined by Leonard P. Schultz and Marvin Bowers in South Fork of Palouse River, 0.5 mile 


above Pullman, Washington; August 27, 1932. 
U.M.M.Z. No. 98725: 1 young fish 29 mm. long taken by the same collectors on the 


following day in the Palouse River at Palouse, Washington. 


In considering the relative numbers of hybrids and parental species in 
this combination, and in that of C. macrocheilus x C. s. syncheilus, it should 


30 HUBBS, HUBBS, AND JOHNSON 


be recalled that parts of the collections made by Leonard P. Schultz and 
assistants were retained at the University of Washington. 

The interpretation of 3 individuals as hybrids between C. macrocheilus 
and C. syncheilus palouseanus is on the same basis as the identification of 
69 specimens as hybrids between macrocheilus and the typical subspecies of 
syncheilus. 

We have found in the Cyprinidae, Poeciliidae, and other families that 
the hybrids in the same interspecific combination differ, when different sub- 
species of one (or both) parental species are involved. The difference is in 
the expected direction, on the assumption that the heterozygotic forms tend 
to be more or less precisely intermediate between the particular parental 
types. When a subspecies of a parental species has some peculiarity in 
counts, measurements, or color, this feature is generally to be seen, in diluted 
form, in the hybrid. This circumstance is part of the large body of data 


TABLE IX 


RELATIVE NUMBERS oF HysBrips, Catostomus macrocheilus x Catostomus syncheilus 
palouseanus, AND OF THE PARENTAL KINDS 


3 . : ' Catostomus 
Specimens in University of Catostomus ; - 
es : Hybrids syncheilus 

Michigan Museum of Zoology macrochetlus aone palousennee 
4 
In collections containing hybrid 
EVIE ZeeNO =m 8.09 meena 72 2 57 
RIMSII Zim NiO nO SiO lee emer tea 21 a 3 
HL Ort all ate em sg, oem eee ee ee | 93 3 60 
From the Palouse River system ............. 152 | 3 358 


which convinces us of the validity of the assumption that species of fish 
hybridize in nature. 

These conclusions are confirmed by the limited data on the hybrids in- 
volving C. s. palouseanus; unfortunately only 3 specimens have been identi- 
fied and 1 of these is too small for the determination of some characters. 
As compared with the hybrids between C. macrocheilus and typical C. s. syn- 
chetlus, those between C. macrocheilus and C. s. palouseanus have a lower 
average number of dorsal rays, and a higher average number of scales; 
palouseanus differs from typical syncheilus in the same way (as first shown 
by Schultz and Thompson, 1936), and the Palouse River race of C. macro- 
cheilus seems to show a local variation parallel to that exhibited by C. s. 
palouseanus. These relations are perhaps brought out best by the character 
index involving dorsal ray and scale counts (Table V). 

That the 3 hybrids of this combination are nicely intermediate is indi- 
cated by their average hybrid indices (Table XX XIX) of 50, 57, and 60, on 
the percentage scale in which 50 denotes exact intermediacy in all the char- 
acters studied. 
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TABLE X 


PROPORTIONATE, MEASUREMENTS OF HYBRIDS BETWEEN Catostomus macrocheilus AND 
Catostomus syncheilus palouseanus, AND OF THE PARENTAL SPECIES 
_ The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Palouse River System, Washington 


Size group, mm. 
(CRNGOROCH GUUS extents caren 30-42 44-105 120-255 
(36) os (80)18 (195), 
(Eby Dis Saree metre renee eee Nl P cccmeatede so (ML “Hames 0 ale eens 
(29), (65), (204), 
C. synchetlus palouseanus .......... eee 33-40 44-85 122-178 
(36) 45 (65) 15 (140),5 
Body depth 
CAN GCTOCEUULS panes the rake ncaa 177-215 189-236 203-221 
(197) (213) (218) 
Deny ACLS gees Meee me ee eee eer eey Kl eee | tuners | ll Ml Gacreeanite 
(207) (198) (198) 
C. syNchetlus PalOUsSCANUs eescocsesereeieree 186-243 183-247 193-217 
(221) (219) (205)* 
Caudal pedunele, depth 
CORINA CTOCH EUS an econ tion ceceectene ec 65-79 68-81 72-83 
(74) (73) (79) 
ley GE) soothers || | Sawugaeeee [pioneer 4 | cater 
(90) (79) (79) 
C. synchetlus PAlOUSCANUS avceeeeen 71-86 77-84 75-86 
(81) (81) (81) 
Head length 
CV ACTOCTICUAS Faroe ecee op cncccner net 271-306 254-286 244-265 
(287) (269) (258) 
IBA O ME) crercnucmsmmcroremenomernmen yp) | Gtemmeemm  ) eepereene | Gaertn 
(274) (274) (248) 
C. synchetlus PAlOUSCANUS -eeccooccecceeenrn 252-275 232-270 218-254 
(266) (251) (231) 
Head depth 
CIMACT OCTIVCV AES poser cecctena tires 173-188 162-181 163-172 
(181) (173) (167) 
EIST OS GTR ISM ecm come npc nenteer pee eee oe Rat Wi be citee ne me | eaeric ca earret 
(176) (166) (150) 
C. SYNCHEMUS PALOUSEANMUS eesevseesssseeseore 161-182 153-176 134-155 
(169) (160) (148) 
Head width 
GRAIG CT.O CIE TALS Meer renters ntsisgeeerare 148-164 145-164 154-169 
(156) (156) (162) 
THEA SRONES coc ce 8 Sesleri errr (| emcee WU emer nee ON Ip Center 
sf (159) (173) (163) 
C. SYNCHEMUS PALOUWSCANUS orvveerereeeccees 142-166 136-164 145-166 
: : (157) (151) (152) 
Snout length 
(6 Be aoeoaneiins RE Se eee re tts cee encore 91-122 95-131 112-141 
(109) (120) (181) 
TB bye] OW aCONSH, ereecersroerecttcrde tsrecatente eer tee Te gente) NN a creer tots 
cia (99) (114) (125) 
C. SYNCNEMUS PALOUSECANUS  -eecesessessorsreeeee 94-115 93-118 91-123 
: (104) (108) (113) 


* Computations based on measurements of 14 specimens. 
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TABLE X—(Cont.) 
PROPORTIONATE MEASUREMENTS OF FIYBRIDS BETWEEN Catostomus macrocheilus AND 


Catostomus syncheilus palouseanus, AND OF THE PARENTAL SPECIES 


Palouse River System, Washington 
Mouth width 
Go MACTOGWEMUS cerccssscccsrsessereseereeenestieateresoeeti 68-85 64-83 67-102 
(75) (76) (85) 
ELV DridS <ehenasisipnietenmncinitacnmncins |) renbsennares || aaa ae ag 
(77) (91) (78) 
C. synchetlus PalouseQNUs wore. 73-92 73-104 81-107 
(80) (86) (94) 
Cartilaginous ridge, width 
ORIN ACTOCH EUS meer omer sree 38-55 36-44 35-46 
(42) (40) (41) 
TD VDEdS acaciiinancasismnmwnnsecmiie |S itcerccicaes |||! | Meeaee tenacity amis 
(50) (48) (43) 
C. syncheilus PAlOUSCANUS ere 31-46 40-57 45-57 
(43) (49) (51) 
Mouth length 
CREM ACT OCICULUSme tren canre eters 47-65 51-64 57-77 
(55) (58) (70) 
22 gelatine ee eee rere a eee re NN Ger 8 ey 
(55) (65) (60) 
OC. syncheilus PAlOWSCANUS rrcrscrreeersenee 52-60 47-75 64-77 
(56) (61) (69) 
Lower lip, union 
CRIN CCrOCKELUUS meaner enter 8-17 9-16 13-20 
(12) (12) (15) 
ISQANaOE) cmmscrmemmeunioeercoe | cade || apreereo feat: 
(17) (17) (17) 
C. SYNCHEMUS PALOWSEANUS rescore 11-19 15-25 16-30 
GT) (Dai (23) 
Dorsal fin to occiput, distance 
(CINGACTOCTCUUS warn ree mete: 235-264 233-276 250-300 
(250) (256) (282) 
ISB ovuKihN cama MeEn eRe cmeoeee 94) Gtk ||| cxaymen emt 
(227) (266) (287) 
C. SYNChEUMUS PALOUSECANUS wccerceeececeeeeee 244-272 263-292 251-320 
(261) (279) (284) 
Dorsal fin base 
COMM GACTOCHEUUS Me mnetnreen cent cetien 184-237 192-242 179-212 
(215) (215) (190) 
EL y DEG a aera st tuicasetonadaisaen cats, |. pega eee ee ee Asst 
(197) (186) (176) 
C. SYNCHEMUS PALOUSEANUS ceecscccccsrceesccsoee 182-208 169-222 156-199 
(191) (187) (178) 
Depressed dorsal fin, length 
CRMGCTOCHCUUS Sint 282-327 281-332 252-298 
(302) (301) (272) 
leh g gC fe mc. Fl, vanes lll | celeron 
(286) (281) (248) 
C. SYNCHEMUS PALOWSEANUS carccccccseeessccccee 259-294 255-293 221-304 
(275) (274) t (264) 


* Computations based on measurements of 24 specimens. 
+ Computations based on measurements of 13 specimens. 
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The intermediate features of C. macrocheilus x C. syncheilus palouseanus 
hybrids involve proportionate measurements as well as the counts. As 
shown by Table X, either 2 or all of the 3 hybrids are intermediate be- 
tween specimens of the parental types of comparable sizes in: the length and 
depth of the head, the length of snout, the width of the cartilaginous ridge 
in the mouth, the length of the union of the lower lip (PI. VI, Figs. 2a-c), 
and the length of the depressed dorsal fin. Inconsistent results were ob- 
tained for the depth of the body and of the caudal peduncle, the width of the 
head and of the mouth, the distance between the origin of the dorsal fin and 
the occiput, and the length of the base of the dorsal fin. 

The interpretation of hybrid origin and of the seemingly Galtonian in- 
heritance of the systematic characters is confirmed by the form of the snout, 
the structure of the mouth, and the coloration (Pl. VI, Figs. 2a—c). The 
remarks on these features given for the C. macrocheilus x C. s. syncheilus 
cross apply in toto. 


HYBRIDS BETWEEN THE GENERA CATOSTOMUS AND PANTOSTEUS 

With even greater confidence we can claim that species of Catostomus 
and of Pantosteus hybridize in nature. In these combinations, intergeneric 
according to the current nomenclature of the family, the gap between the 
parental species is so wide and involves so many characters that specimens 
which are intermediate in all important respects can hardly be interpreted 
in any other light. Many of the differences which distinguish C. catostomus 
from C. commersonnu, and C. syncheilus from C. macrocheilus appear ex- 
aggerated when we contrast species of Pantosteus with those of Catostomus. 
The snout of Pantosteus is much more depressed and bulbous and projects 
beyond the mouth (Pls. IV to VII). The upper lip (Pls. I and IV) in Pan- 
tosteus is even more modified than in Catostomus catostomus and C. syn- 
cheilus, in the better developed ridge and in the overhanging form, with the 
smoother outer part tending to overlap the strongly papillate inner surface. 
The lips are flatter. The crease separating the upper and lower lips on each 
side is deeper and extends to the angle of the rather deep emargination at 
the outer corner of the mouth. On the midline, in contrast, the lower lips 
are much more broadly conjoined. The cartilaginous biting or scraping 
edge of the lower jaw is much better developed. This ridge is stronger, 
broader, and much more nearly transverse. The gape in consequence is 
straightish, rather than strongly arched. The outer ends of the ridge are 
more definitely shouldered. In some species of Catostomus, notably C. com- 
mersonnii, the mouth is moderately oblique, whereas in Pantosteus it is 
always strictly inferior and horizontal (Pls. IV-V). In Pantosteus the gen- 
eral color is darker, and the peritoneum is more jet-black than in the species 
of Catostomus with which it has been found to hybridize (the differences in 
peritoneal pigment are especially notable in the young, in which the black 
color often shows through the thin belly wall). The intestine averages 
longer, and the air bladder more reduced in size. 
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CHARACTER INDEX OF MOUTH AND ISTHMUS PROPORTIONS 
Fig. 3. Comparison of all Catostomus x Pantosteus hybrids with the parental species 
in the character index of mouth and isthmus proportions. 
The concordant data of 1942 for the Catostomus, species x Pantosteus santa-anae cross 
are included in Tables XI and XII, but not in this graph. 


In all these respects the hybrids correspond with neither parent species, 
but are intermedial. The hybrids of the different Catostomus x Pantosteus 
combinations are not exactly alike, nor would this be expected, for the paren- 
tal species of the several combinations are diverse. Thus in mouth structure 
the special features of the parent species of the different combinations are 
reflected by the hybrids (Pls. I and IV). 

That the mouths of the Catostomus x Pantosteus hybrids are intermedi- 
ate in measurements as well as in structural details is brought out by the 
data in Tables XI and XII and in Figures 3 and 4. In order to restrict the 
overlap of the hybrid values on those of the parental types and to simplify 
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Fic. 4. Variation with standard length of the character index involving mouth and 
isthmus proportions in hybrids, Catostomus insignis x Pantosteus clarkii, and in the 
parental species. 
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the comparisons, we have united into 1 character index the 3 proportional 
measurements of the mouth that tend to be higher in Pantosteus than in 
Catostomus, namely, the over-all width, the width of the cartilaginous ridge 
of the mandible, and the length of the union of the lower lip ; and for further 
distinctiveness of the index, we have added the proportionate width of the 
isthmus, which also tends to have a high value in Pantosteus. One reason 
for such a combination of proportionate measurements is to give joint ex- 
pression to a series of characters and to minimize the importance of extreme 
fluctuations in single features. These objections have been so well attained 
in the present application of the character index that it is possible to com- 
bine the indices for all localities and size groups of each combination without 
confusing the picture. Inspection of the frequency table indicates that the 
character indices of the hybrids overlap relatively little on those for the 


TABLE XII 


FREQUENCY DISTRIBUTION OF THE HYBRID INDEX DERIVED FROM THE CHARACTER 
INDEX OF MOUTH AND ISTHMUS DIMENSIONS, FOR ALL 
Catostomus x Pantosteus HYBRIDS 


Hybrid Index Statistical Computations 
—5.1 | 5.1 | 15.1 | 25.1 | 35.1 | 45.1 | 55.1 | 65.1 
to | to to to to to to to No. Range Ave. S.E. 
5.0 | 15.0 | 25.0 | 35.0 | 45.0 | 55.0 | 65.0 | 75.0 
ile | 2* 9 4 | 32 24 11 | 3 86 -—3 to 70 42 1.5 


| 


* The 2 very low values (—3 and 6) are due in part at least to the small size of the 
specimens (see footnote to Table XI); all other indices ranged from 14 to 70. 


parental species, and a scrutiny of the raw data shows that perhaps half of 
this moderate overlap is attributable to age and local variation rather than 
to individual variation. Obviously, the hybrids have values for this index 
of mouth and isthmus dimensions that intervene between the usual figures 
for the parental species. Again the frequency distribution is unimodal, and 
apparently of essentially the normal type. 

The relative growth of the lips and isthmus as combined into the charac- 
ter index seems to be intermediate in the hybrid: the index value increases 
with age in Pantosteus clarkii, remains nearly level in the hybrids, and | 
decreases with age in Catostomus insignis (Fig. 4). 

In this character index most of the hybrids, for some reason, approach 
the Catostomus parent somewhat more closely than they do the Pantosteus 
species involved in the cross. This relation is best brought out by com- 
puting, for each individual hybrid in each combination, the hybrid index 
(pp. 6-8), and then averaging the 86 indices—as done in Table XII. In each 
measurement involved in the computation of this hybrid index the hybrids 
tend to resemble the Catostomus parent the more closely ; that is, the hybrid 
indices average lower than 50 (Table XX XVIII). 
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The species of Pantosteus usually have shorter dorsal fins, with fewer 
rays on the average, than do the forms of Catostomus j and the hybrids have 
intervening average numbers. This is indicated for 6 of the 7 combinations 
(Table XXXII). In the 1 exceptional case the parental types are very 
close, and there are only 2 hybrid specimens. 

The interjacence of these intergenerie hybrids is well shown by the scale 
counts (Tables XX XIII to XXXVII). The hybrids tend to be intermedi- 
ate in scale number whether the Pantosteus parent-form has fewer scales or 
more scales than the Catostomus species entering the cross. 

It seems superfluous to compare all the intergeneric hybrids in detail with 
their respective parental species. There can be little doubt of the interpre- 
tations, except possibly for an occasional specimen. The hybrids show in- 
termediacy not only in the characters in which the genera differ. They have 
values which interpose between those of the particular species of the 2 genera 
which occur in the same place. 

Since 2 species of Pantosteus seldom if ever occur together, and since the 
species of Catostomus which here and there occur together are very distinct, 
we have felt little hesitancy in our interpretations of the species which are 
involved in each of the intergeneric crosses. 


4. Catostomus commersonnu sucklii x Pantosteus jordan 
Gel UN, ive, 2) 

U.M.M.Z. No. 120375: 1 half-grown 56 mm. long to caudal base, captured by L. OC. 
Stuart and A. M. Stebler in Grace Coolidge Creek about 1 mile above State Game Lodge, 
Custer State Park, Custer County, South Dakota; August 7, 1934. 

U.M.M.Z. No. 120381: 1 half-grown 57 mm. long, collected by L. C. Stuart in French 
Creek above the new dam about 5 miles east of Custer, Custer County, South Dakota; 
August 27, 1934. 

TABLE XIII 


RELATIVE NUMBERS OF HYBRIDS, Catostomus commersonnti sucklii x Pantosteus jordani, 
AND OF THE PARENTAL SPECIES 


F 2 . Oe RD t 
Specimens in University of Michigan IONS PES 
Museum of Zoology suchlik jordani 

In collection containing hybrid 
(ORME Zee Nose 203i onemmernammne nae 14 37 
U.M.M.Z. No. 120381 Q 33 7 
FU eal poeeetersch sencse sasnactstercsecovteaatgavt Steere sesanncseats 47 44 
From the Missouri River system ..........0.0...: palatal 691 


* Including a few specimens from the eastern part of the Missouri River system 
which may be referable to C. c. commersonnii. A considerable percentage of the C. ¢. 
sucklii total represents specimens from beyond the known range of Pantosteus. 


These 2 sucker specimens can hardly represent any known or unknown 
species, for they are very distinctive in characters and come from the rather 
thoroughly collected region of the Black Hills. They obviously are hybrids 
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TABLE XIV 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnii sucklu 
AND Pantosteus jordani, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


French and Grace Coolidge Creeks, South Dakota 


Size group, mm. Snout length 
C. commersonnivi sucklis ............ 50-70 =| C. commersonni sucklii. ... 108-130 
(62) 10 {| (121) 
Hedy bridle poet te i ae a 56-57 || | ‘Hybriis eee 107-128 
(57) (117) 
ONAN, emcee Reena 48-79 YEE SON ONPW UD: ccescpenncpctcnreices cit teeebbe 104-120 
(55) 10 (110) 
Caudal peduncle, depth Mouth width 
C. commersonnii sucklit ............ 85-94 C. commersonnii sucklii ... 74-86 
(88) | (79) 
LY DTA Saarere neat at Laie 85-89 Hybrids cscs 94-102 
(87) (98) 
SION CO mea ttt canes 78-91 WEG ORO ID ccsecctcomiconertarbecitee 102-115 
(83) (108) 
Head length | Cartilaginous ridge, width 
C. commersonnii sucklit ............ 284-301 C. commersonnii sucklii ... 36-44 
(294) (40) 
Ely bri d.g teem aenasenen trues 267-281 Ely bridsie gence e renee 47-48 
(274) (47) 
PA] OT UCM e ne ee ere 243-265 ae) OT AGN pea eee 62-69 
(254) (65) 
Head depth Mouth length 
C. commersonnii sucklit ............ 168-182 C. commersonnii sucklii .. 53-62 
(176) (56) 
PLY DUALS Ge eeeete he Sect foe ee 165-167 ELybrids 2s see re ee mereee 65-68 
(166) (67) 
Jee MOPROIOIOG seatcecneneeciots Pomsrteteceaee 143-160 P26 HOTRELLEOO ccncctoncrcercessrremcevcntnion 63-78 
(151) (69) 
Head width Lower lip, union 
C. commersonnii suckliti .......... 164-178 C. commersonnii sucklit. .. 10-16 
(169) (14) 
daly doves a ee ae eo 163-168 ELV Drids eee eee eee 16-21 
(165) (19) 
LES ORGLUS sexroorscsscotesnenrascmeieentece 150-165 25 GOURD: coxssonrnirsvectomesnvtiesort 27-38 
(158) (32) 
Isthmus width i 
C. commersonnii sucklii ......... 52-62 
(55) 
TEE ADIGE Meer te reacts en 73-82 
(77) 
IONOGNI re teak 87-102 
(96) 


between the 2 common species of the region. No other kind of either Catos- 
tomus or Pantosteus oceurs there. They show intermediate values, or aver- 
ages, for the: 

Number of dorsal rays (Table XXX); 
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Number of scales in all 5 series counted (Tables XXXIII to 
0:0: 68 15) 3 

Length, depth, and width of head; width of isthmus; length of snout; 
and the several mouth measurements (Table XIV), 

Form of snout, structure and slant of mouth, coloration, ete. (as indi- 
cated on pp. 33-36; Pl. IV). 

The average hybrid indices for the 2 specimens are respectively 39 and 48 
(Table XX XIX). 


5. Catostomus commersonnii sucklii x Pantosteus delphinus delphinus 
(Pl. V, Fig. 2) 

U.M.M.Z. No. 105638: 5 young and yearling specimens 34 to 74.5 mm: in standard 
length, seined by W. Petravicz and Middendorf in Colorado River, near its headwaters, 
at Hot Sulphur Springs, Grand County, Colorado; July 28, 1938. 

U.M.M.Z, No. 136912: 1 half-grown 128 mm. and 1 adult 231 mm. long, collected by 
John Greenbank in Dry Creek, a tributary of Gunnison River, 3 miles west of Olathe, 
Montrose County, Colorado; April 21, 1941. 


TABLE XV 


RELATIVE NUMBERS OF HYBRIDS, Catostomus commersonnii sucklii x Pantosteus delphinus 
delphinus, AND OF THE PARENTAL SPECIES 


. : : : «ys Catostomus Pantosteus 
SE Sag NI ep ehee at commersonnit Hybrids delphinus 
sy sucklit delphinus 
In collections containing hybrid 
WRMEM: Zee NOw 0 D6SS in aeerar aerate 0 5 23 
UIMEME Zim NOs mel O92 teeta re: 1 2 ial 
FUNG Bead Rr ccc te ce sae acces ats ta tect ied OR ae ca ees 1 7 34 
From the Colorado River system ................... 10 7 2031* 


* Many of these are from areas into which C. c. sucklii has not yet spread, or were 
collected prior to the introduction of that species. 

The most exceptional and unexpected conditions under which these 
hybrids were obtained are explained on pp. 12-13. The very high frequency 
of the hybrids in comparison with the number of specimens of Catostomus 
commersonnit sucklii known from the Colorado River system is probably 
attributable to the recent introduction of that species into the Colorado 
River drainage. Such disruptions of long-standing ecological relationships 
apparently favor hybridization. The incidence of interspecific mating has 
presumably been increased by the scarcity of the introduced form and the 
abundance of the native Pantosteus d. delphinus at the times and places of 
collecting. The sucklii strays have probably found it as easy to contact 
spawning schools of delphinus as to establish pure spawning runs in an area 
already saturated with sucker populations. 

The characters of these hybrids, at least on the average, are intercalated 
rather well between those of the parental species. This is true of the: 


40 HUBBS, HUBBS, AND JOHNSON 


Number of dorsal rays (Table XXXII), 

Number of scales in all 5 series counted (Tables XXXIII to 
XXXVII), 

Depth of caudal peduncle (slender in P. d. delphinus, Pl. V), depth 
of head, width of isthmus, length of snout (in No. 105638 only), 
and in all dimensions of the mouth and lips (Table XVI). The 
length and the width of the head are the only noncommittal 
characters. Some of these characters are shown on the figures 
(Pl. V, Figs. 1-38). 

It was first thought that the 2 specimens, No. 136912, might be hybrids 
between Catostomus commersonni sucklu and C. latipinnis discobolus, but 
the measurements fitted that assumption very poorly, and a more detailed 
examination of the mouth disclosed Pantosteus-approaching features. The 
size of the scales further indicates that the called-for Catostomus parental 
species is neither the native C. 1. discobolus nor C. catostomus griseus, which 
Mr. Greenbank also collected in the region. Particularly impressive is the 
approach shown by the hybrids to the peculiar squamational pattern of P. d. 
delphinus, which has very small scales forward but large ones in the caudal 
region (Pl. V). 

Some of the 7 specimens approach the Catostomus parental species, others 
are closer to the Pantosteus form. The hybrid indices grade from 28 to 85, 
with an average of 53, close to the midpoint (Table XX XIX). 


6. Catostomus insignis x Pantosteus clarki 
(P1. I, Fig. 3b; Pl. VI, Fig. 30) 


U.M.M.Z. No. 110433: 1 half-grown 110 mm. in length to base of caudal fin, seined 
by C. M. Tarzwell in Taylor Creek, near the road between Beaverhead and Silver City, 
Gila National Forest, New Mexico; August 16, 1935. 

U.M.M.Z. No. 118175: 3 young to half-grown 51 to 138 mm. long, taken by Gee and 
Carr of the U. S. Forest Service in Taylor Creek, New Mexico; August 26, 1937. 

U.M.M.Z. No. 121642: 6 yearlings 73 to 94 mm. in length, seined by Tarzwell and 
Smith in the Middle Fork of the East Branch of Black River, at Crosby Ranch, Apache 
National Forest (Town 6 N., Range 28 E.), Arizona; July 22, 1937. 

U.M.M.Z, No. 121646: 1 half-grown of 102 mm., taken by the same collectors in the 
West Fork of the East Branch of Black River at Three Forks, Apache National Forest 
(T.5 N., R. 29 E.), Arizona; April 23, 1937. 

U.M.M.Z. No. 125016: 3 yearlings 58 to 64 mm. long, collected by Carl L. Hubbs and 
family in Beaver Creek, near its junction with Verde River, near Camp Verde, Yavapai 
County (T. 14 N., R. 5 E.), Arizona; September 2, 1938. 

U.M.M.Z. No. 125026: 7 young and yearling fish 47 to 76 mm. in length, obtained on 
the same day in Verde River, just above Camp Verde, near the mouth of Beaver Creek, 
Yavapai County, Arizona. 


This is perhaps the most clear-cut and convineing of the hybrid combi- 
nations among the Catostomidae. In the region where hybrids were secured, 
the only sucker species usually present are Catostomus insignis and Pantos- 
teus clarkwi, and these species commingle in the same habitats. They are 
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TABLE Xyi 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnii sucklit 
AND Pantosteus delphinus delphinus, AND OF THE PARENTAL SPECIES 
_ The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Hot Sulphur Springs, Grand River System, 
Colorado Colorado 
Size group, mm. 
CCU SUCICLI ere ere 32-57 66-125 9) eae 189-239 
(44);0 (98). (155), (213)s 
MEL V DTIC Sete eee ee ans ets 34-43 EY OGD | WExcnee, e NIL ) RGeerees 
(40)s (64). (128), 4 (231); 
OM CeCUDRULUS weenie eee 37-41 52-73 87-161 205-272 
(39)o (60), (123)s (237)« 
Caudal peduncle, depth 
CRG SUCK eee terraces 82-97 951.03 eee 88-95 
(93) (98) (97) (91) 
(Ey Did Ste meresn cere cans cruae 79-85 83-90 Speed tl) erecta 
(82) (87) (84) (90) 
12, Gh GIAYNOUDOES crencasemeemonere 73-79 75-83 68-76 70-74 
(76) (78) (73) (72) 
Head length 
CRCMSUCIVT Bee ee 279-305 264-293 | ertenteaten 238-276 
(293) (283) (272) (255) 
dB Ey avant ep ceeeeaeee eee e 252-284 PV |  agietes = Il aes 
(278) (271) (275) (249) 
121Gb GAG NOUOUIS carerencrcse 269-284 249-260 218-246 216-227 
(277) (256) (234) (222) 
Head depth 
CER CSUCK Lier gett 171-182 155=1S1 9) | eee 156-167 
(178) (178) (164) (163) 
HEY DELS er week eet ets. 156-165 56169 renee eee 
(160) (163) (163) (158) 
IE, Gh GAYA OUD eccrine 153-159 142-155 137-154 139-148 
(155) (149) (144) (145) 
Head width 
Ob Gs SUGGS senate ern 163-175 USSG | sarc 154-171 
(168) (166) (166) (164) 
TSDC sonrysenamimemmntore 149-155 52-6 S| eee Peete 
(152) (160) (171) (168) 
IB, CE WAY OUMUS: -ceerser econo circ 154-163 153-167 158-170 168-175 
(159) (159) (165) (171) 
Isthmus width 
OO. GUIGRID Srepererc ee eeree 32-53 3—5 | essen 41-58 
(42) (47) (50) (49) 
TEE ASTRGUS) ccancacos eon ferieeneermnremeneoaere 50-62 BORGES |) censor 
: (55) (65) (66) (56) 
92, Gh OWA EUDOD cxcmcentee to 77-103 63-87 79-104 98-135 
(84) (78) (92) (118) 


* The figures entered for the Catostomus for Hot Sulphur Springs are transferred 
from Table II, which is based on material from the North Platte River of Wyoming and 
Nebraska, since none were secured at Hot Sulphur Springs and the species was probably 
introduced into the Upper Colorado River from the Platte River system. 
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TABLE XVI—(Cont.) 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus commersonnit suckhii 
AND Pantosteus delphinus delphinus, AND OF THE PARENTAL SPECIES 


Hot Sulphur Springs, Grand River System, 
Colorado Colorado 
Snout length 
Ob @ eiiolelet Tee ee eerevenra 103-125 11/6 ='3 Gin ner rect 126-145 
(114) (126) (139) (183) 
Eley D1 US enero terete 99-110 VAG=132) eee ee | eee 
: (105) (124) (146) (142) 
ID, (th CHW UHOUIS como 93-105 105-122 111-136 124-145 
(101) (113) (123) (130) 
Mouth width 
Ol, Os SUA oucteneronoummicacs 72-85 67=0.0 | eee 82-88 
(77) (CQ) (93) (85) 
TE AOR sxccce cern ennmeereeentreronee 77-83 88—103.5 wll Wee eeeee 
(79) (95) (96) (93) 
ORCL GEUDIUUIVUS wenniencnseatnctere: 88-103 100-117 96-122 98-115 
(95) (110) (111) (105) 
Cartilaginous ridge, width 
CO SUCIU Ween creme 40-48 39=53— al, pu meters 39-42 
(42) (45) (45) (40) 
TBINASGIEY o.memecntiipinemmnmntee 46-50 5O=5 Ole erect eee 
(48) (55) (45) (49) 
Gh, WORDS connects 58-63 57-67 62-76 65-73 
(60) (62) (69) (69) 
Mouth length 
1 Co SHORIOS ccmcaeconoremntemine 51-63 52-30 nll emacs 63-70 
(56) (56) (65) (67) 
SSlal Oak Ee can orien geyereanee eeeemereree 60-62 65=66> =| eee | ete 
(61) (65) (72) (72) 
125 Oh, CAG OOUOOS excamsesmcseectcn 54-66 63-76 68-84 75-84 
(63) (70) (77) (77) 
Lower lip, union 
CRBC H SUC eee ee 7-18 US=18, | eee. 13-18 
(11) (15) (14) (15) 
HEV OTLGS seeeienencacerve Beene Meee 14-19 Vi=199 eects cee 
(17) (18) (19) (15) 
12, hs COGN MTOUS. caseecesemmmron pete 21-27 25-33 33-40 28-38 
(24) (27) (36) (34) 


TABLE XVII 


RELATIVE NUMBERS OF HYBRIDS, Catostomus insignis x Pantosteus clarkii, AND OF THE 
PARENTAL SPECIES 


Specimens in University of Michigan Catostomus 2 Pantosteus 

Museum of Zoology Ik insignis Ie Hybrids clarkti 
In collection containing hybrid ; 

U.M.M.Z. No. 110433 : 32 il 18 
U.M.M.Z. No. 118175 116 3 68 
U.M.M.Z. No. 121642 14 6 36 
U.M.M.Z. No. 121646 55 al 18 
U.M.M.Z. No. 125016 96 3 168 
U.M.M.Z. No. 125026 36 a 108 
Total snc | 349 21 416 
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strikingly different in a large number of characters, and the hybrids are con- 
sistently intermediate. , 

The dorsal rays average 11.00, a little less than midway between the mean 
of 11.32 for C. insignis and average of 10.59 for P. clarkii (Table XXXII). 

The average number of the scales in this combination intervenes nicely 
between the means for the parental species (Tables XXXIII to XXXVII; 
Fig.7). This is a particularly significant fact, in view of the very peculiar 
Squamational pattern of P. clarkii, in which the scales are small except on 
the anterior part of the back, where they are spectacularly increased in size. 
In the series along the lateral line, below the lateral line, and around the 
caudal peduncle clarkit has finer scales than has msignis; but before the 


I5 


CATOSTOMUS 
INSIGNIS 
PANTOSTEUS 
HYBRIDS CLAPK II 


SPECIMENS 


42 46 50 54 te ey 66 70 te the) 
ya) 42) es) SGI] GE EE) RY Se] 
CHARACTER INDEX OF SCALE COUNTS 
Fig. 5. Comparison of hybrids, Catostomus insignis x Pantosteus clarkii, with the 
parental species in the character index of scale counts (Table XVIII). 


dorsal, and to a lesser degree in the row above the lateral line, the relation is 
reversed, in that clarkw here has fewer scales than does insignis. But in all 
series the hybrids are intermediate. 

Much of the overlap between the scale counts of the hybrids and those 
of each parental form can be eliminated by combining all the enumerations 
of each specimen into a single index: 

(Seales in lateral line + scales below lateral line + scales around caudal peduncle) 
minus (scales before dorsal+ scales above lateral line). 

As shown in Table XVIII and in Figure 5 most of the indices for the 
hybrids are intercalated between the adjacent extremes of variation of the 
parental species. Thus, we again confirm the interpretation of the aberrant 
specimens as hybrids and verify the view that systematic characters do not 
mendelize in inheritance. 
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The hybrids display their origin and the mode of inheritance involved 
in almost all the proportionate measurements (Table XIX). Of the 10 
measurements taken, only the head width fails to bear significantly on the 
problem. The length of the snout gives data that is hardly trustworthy, 
though the averages for the hybrids do lie between those for the parental 
species. Strikingly intermediate are the average values, in the hybrids, of 
the following proportionate measurements: depth of caudal peduncle, length 
and depth of head, width of isthmus, length and width of mouth, width of 
cartilaginous ridge of lower jaw, and length of union of lower lip. 


TABLE XVIII 


FREQUENCY DISTRIBUTION OF THE CHARACTER INDEX FOR SCALE CoUNTS IN HYBRIDS, 
Catostomus insignis x Pantosteus clarktvi, AND IN THE PARENTAL SPECIES 
The index is derived by summing the counts of scales along lateral line, below lateral 
line, and around caudal peduncle; then subtracting from this sum the count of scales above 
the lateral line plus the predorsal scale count. 


Character Index for Seale Count 


42— | 46— | 50-— | 54— | 58- 

45 49 53 57 61 
Catostomus insignis 12 13 11 ag Peco 
HEL VID LLCS ye eet ee ee ey | eee Sona ce | ee dail 


Pantosteus clarkii ..... te etal hea 


Statistical Computations 


Hybrid 

No. Range AMS? || (Shlde V index 

+S.E.; 
Catostomus insignis cn. 40 42-55 48 -61 S20 |e ae ee 
dy TI Sy etree seed 21 58-68 62 .69 Soll 58 +12 
Pantosteus clarkti oc. 39 65-81 72 .66 Oct |) Cae ees 


* Computed from the original, unclassed data. 


In this combination the origin of the hybrids is particularly well shown 
by the structure of the mouth. The difference between the parental species 
involves all of the features mentioned in discussing the intergeneric hybrids 
(pp. 338-36). A very striking contrast is offered because the mouth of P. 
clarkw is especially extreme (Pl. I, Fig. 3c): it is extremely broad, and the 
gape almost strictly transverse; the lower lip is very full, and the median 
incision is shallow; the lateral emarginations are very deep. The mouths 
of the hybrids are invariably intermediate in structure (Pl. I, Figs. 8a-c) 
and obliquity (Pl. VI, Figs. 3a-c), and are almost always of intervening 
values in the dimensions (Fig, 4). Some specific features of C. insignis, 
such as the extreme turgidity of both lips and the fine, thick-set papillary 
pattern, are well reflected in the hybrids. 

The character index for mouth and isthmus dimensions (Fig. 4) not only 
has intermediate values in the hybrids, but also indicates an intermediate 
relative growth for these dimensions. The index falls with age in Catosto- 
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TABLE XIX 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus insignis anv Pantosteus 
clarkii, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 


given for each item the range of the measurements; the average, in parentheses; and, as a 
subscript, the number of specimens. 


pene East Branch, Black Taylor Creek, 
Abe River, Arizona New Mexico 
Arizona 2 
Size group, mm. 
CMAUSLONAS ener eee 51-84 77-90 91-118 48-57 93-167 
(63) G2)e 0g) 04). | G2). ss) 
Hey brida wee een eat 47-76 73-84 94-102 | 51-57.-| 110-138 
* (59) 10 (78)s (98)» (54). (124). 
KER CLOT ICU me mene tne ae ange 49-92 58-78 91-179 49-82 127-163 
(ety a| 964) | G25), | (62a |) (146), 
Caudal peduncle, depth 
COMINStO MS ere eee tee 85-101 105-113 100-115 100-106 99-107 
(94) (109) (107) (108) (102) 
Ely lorids emcee eee ee cea 82-96 94-102 | 100-100 90-96 94-97 
(88) (98) (100) (93) (95) 
PRCUGN ICM pire eee aun ee eee 76-87 93-103 83-98 78-88 80-90 
(82) (97) (93) (85) (84) 
Head length ; 
CR ANSTO NTS Prrertenen tects 273-297 265-289 261-276 287-315 257-282 
(284) (278) (271) (302) (267) 
Faby brig) Reticeiesec sate secsnssseacs 261-281, 260-272 260-261 284-291 254-279 
(273) (267) (261) (277) (267) 
IPO CLATIUieee men tee 245-272 | 255-281 | 224-267 | 237-274 | 232-257 
(255) (268) (248) (258) (244) 
Head depth 
CREATCSUG NS te ee te 172-193 | 186-195 | 172-190 | 189-204 | 170-188 
(183) (188) (181) (197) (179) 
Hy bridsye = eee 165-180 | 172-180 | 164-176 | 184-185 | 162-172 
(175) (178) (170) (185) (167) 
PR CLOTICUL mete tetera 153-171 | 166-181 | 137-182 | 150-165 | 143-157 
(163) (173) (161) (160) (151) 
Head width 
(Oh AT ESHOR NOS), eecereereree creer arene 162-191 158-192 166-187 185-191 168-182 
(176) (180) (176) (187) (176) 
HETiv (OTL Slaemer tenet eeertee rare 162-176 | 179-185 | 168-183 | 176-186 | 173-179 
G7) (182) (177) (181) (176) 
PR olarkhieen lyase Ai 161-176 | 183-196 | 178-190 | 166-174 | 168-197 
(169) (187) (184) (170) (182) 
Isthmus width 
(Oh OUSUG TOUS) ccoleccasecoomeanmicronee 63-81 50-69 57-71 67-78 56-66 
(70) (61) (63) (70) (64) 
TER SAGE! soregbroncommnzearceee 75-95 74-82 78-81 78-92 74-78 
(84) (78) (79) (85) (76) 
TOS NA HSD ceretceprelecrent ere 93-115 | 104-121 99-111 | 101-120 94-113 
(109) (112) (105) (111) (106) 
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TABLE XIX—(Cont.) 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus insignis AND Pantosteus 
clarkii, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as a 
subseript, the number of specimens. 


Verde 


River East Branch, Black Taylor Creek, 
en River, Arizona New Mexico 
Snout length u 132-145 
TUSUOMGNS: ccmeccnn serena 116-136 | 121-150 | 119-140 | 128-143 
CO. ANStGNts on. (129) (141) (133) (136) (138) 
LOS | ee SN et Bea trace 109-142 | 128-142 | 126-135 | 128-139 | 133-142 
etry (121) (134) (131) (133) (137) 
KG coicnnwtinnnnannennn | 108-185 | 125-141 | 120-1385 | 122-138 | 127-145 
P. CVT oecscevc (118) (133) (129) (127) (135) 
Mouth width e 
CRUNS GINS 2 ete ae 71-96 85-99 78-104 89-108 78-96 
(81) (98) (89) (97) (85) 
EL yD T10 Satereistee cee teres 78-117 | 111-125 | 105-113 | 108-119 | 111-114 
(92) (117) (109) (118) (113) 
EM CUT TOU raeae rer acters es oe 90-126 125-137 127-152 116-137 120-143 
(110) (132) (137) (124) (130) 
Cartilaginous ridge, width 
Gro: ESUGIOES cosrnoacomrests ercaseneste 388-52 37-43 31-41 37-51 29-41 
(44) (389) (84) (41) (37) 
FETY DT Speer areca ees 48-67 44-53 50-56 55-55 55-55 
(53) (50) (538) (55) (55) 
18; USA SOL: creosccncaremtenrrep eases 58-76 66-76 68-77 63-67 66-70 
(67) (70) (71) (66) (68) 
Mouth length 
CLUS Smee een 53-76 49-72 50-72 67-73 66-82 
(60) (57) (62) (71) (75) 
iLLy Ti dS meee tone eae 52-87 76-89 74-83 85-87 85-86 
(67) (84) (79) (86) (85) 
12 GUD BO score Miorces ert 57-89 80-95 83-97 80-94 84-93 
(71) (88) (91) (87) (87) 
Lower lip, union 
CPANS (GNIS ee nee 9-14 12-20 12-19 9-20 12-18 
(12) (16) (15) (13) (15) 
bly, D1a\d.g aerrec ge te nce 12-24 21-27 25-27 19-27 25-29 
(18) (23) (26) (23) (27) 
Ee CULT ICU Me meeriisn ge eeee 29-39 33-42 37-50 37-42 42-46 
(85) (36) (438) (39) (48) 


mus insignis, rises in Pantosteus clarkwi, and remains about even in the 
hybrids. 

As usual the hybrids are also intermediate in form of snout, in coloration, 
and in other characters (Pl. VI, Fig. 3). They tend to show their specific 
relationship to C. insignis in the development of dark spots on the scale 
pockets. 

The intermediacy of the hybrids is beautifully shown by the limited devi- 
ation of the hybrid indices from the mean percentage value of 50 (Table 
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XXXIX). The total range is 25 to 67, and in 17 of the 21 hybrids the 
indices vary from 39 to 63. 


7. Catostomus, species x Pantosteus santa-anae 
(Fig. 6; Pl. I, Fig. 1b; Pl. VII, Fig, 1b) 


U.M.M.Z, No. 131653: 1 young or yearling 45 mm. in standard length, seined by 
Robert R. and Ralph G. Miller in Santa Clara River 4.6 miles by road east of Piru, Ven- 
tura County, California; July 9, 1940. 

U.M.M.Z. No. 131666: 5 adults 99 to 114 mm. long, taken by the same collectors in 
Sespe Creek, a tributary of Santa Clara River, 4.5 miles north-northwest of Fillmore, Ven- 
tura County, California; same date. 

U.M.M.Z. No. 140484: 38 subadults and adults, 87-184 mm, long, secured by the same 
collectors in Sespe Creek, at base of dam about 0.5 mile above point where the collection 
was made in 1940; October 2, 1942. 


TABLE xX 


RELATIVE NUMBERS OF Hysrips, Catostomus, SPrcins x Pantosteus santa-anae, 
AND OF THE PARENTAL SPECIES 


Specimens in University of Michigan Catostomus, Hope Pantosteus 
Museum of Zoology species Me santa-anae 
In collection containing hybrid 
U.M.M.Z. No. 131653 0 1 385 
U.M.M.Z. No. 131666 2 5 207 
U.M.M.Z. No. 140484 2 38 229 
MDG Geni) Beer tats acre nse sch eta atestecie ners 4 44 825 
From the Santa Clara System 
LQ 3 Speen eee ane ek ameeecercetes Mn | aad [ie pe atte 355 
1939 | ea oe 349 
1940 2 6 845 
TOPE > Ee eR Meer nie aM eR a Nat ee ee ee 125 
1942 2 38 234 
Total 5 44 1907 


The information on the collection of these hybrids and of the parental 
species poses a difficult problem. No species of sucker has been reported 
from the Santa Clara River system, though we have known for some years 
that this drainage is inhabited by Pantosteus santa-anae Snyder (1908)—the 
only species of the family hitherto known from the coastal streams of 
Southern California. Obviously one parent is this Pantosteus, which is 
locally abundant in the region where the hybrids were secured. The other 
parental species is obviously referable to Catostomus, but in the confused 
status of the taxonomy of this genus in the West Coast drainage it is inad- 
visable to attempt at present a more specific determination. 

Since in 1939 a single specimen of this Catostomus was seined in Santa 
Clara River, a return trip was made to the region in 1940. Vigorous col- 
lecting in nearly all available habitats yielded only 2 more specimens (in 
Sespe Creek), along with hundreds of the Pantosteus and the 6 hybrids 
(1 from Santa Clara River; 5 from Sespe Creek). 
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In 1942 Sespe Creek was again visited. The seining was done in deep 
pools below a dam, for it was thought that the Catostomus might favor such 
a habitat. Only 2 specimens of this genus were obtained, however, along 
with the impressive number of 38 hybrids and 229 mountain suckers (Pan- 
tosteus). Of the Pantosteus 119 were discarded in the field after having 
been carefully checked by Robert R. Miller to make sure that no Catostomus 
and no hybrid was included. We are deeply grateful to Miller for his co- 
operation in this study. He obtained all of the hybrids of this combination. 

Two explanations for the rarity of Catostomus in the Santa Clara River 
system offer themselves: 

(1) It is anative species which was formerly common in the deeper holes 
but which is now approaching extinction because the surface waters are 
being consumed in irrigation and perhaps also because the holes in the river 
are being filled with flood washings. In years of more ample and more 


TABLE XxI 


Srx RATIOS oF HYBRIDS BETWEEN Catostomus, SPECIES AND Pantosteus santa-anae, 
. AND OF THE PARENTAL SPECIES 


Catostomus, species Hybrids Pantosteus santa-anae 

Males | Females Males | Females Males Females 
Numbers... 3 2 Li 27 51 59* 
Percentages _...... q 2 39 61 46 54* 


* The slight preponderance of females in the Pantosteus sample, collected in 1942, 
may be explained by the facts that many of the suckers were discarded in the field, and 
that the largest ones, predominantly females, were preserved. 
regular water supply this species and the Pantosteus may well have had a 
complementary distribution in the stream system; now they are forced to 
live together. 

(2) It is an introduced species which has not become well established 
and which, like Catostomus commersonnii sucklii in the Colorado system 
(pp. 12-13 and 39), has been thrown out of adjustment with its environ- 
ment. This alternative seems the less plausible, but is not readily to be 
excluded because we find very little basis, if any, for distinguishing the 
specimens taken in the Santa Clara from those collected in certain other 
watersheds in California. 

Hither theory offers conditions which, to judge from our studies on the 
hybridization of fish species in nature, would be conducive to the intermating 
of species and to the local extirpation of the rare parental form. The num- 
ber of species of each category collected each year (Table XX) provides a 
slight indication that the population of the Catostomus has been encountered 
in the last stages of its decimation. It certainly seems probable that the 
number of hybrids has been increasing. In this connection it is of interest 
to note that the gonads of the hybrids and of the Catostomus Specimens eol- 
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lected on October 2, 1942, showed evidence of little to no spawning during 
the previous breeding season. Most of the testes were large, and most of the 
ovaries were turgid with medium-sized eges, not flabby and with relatively 
few eggs as in the Pantosteus specimens. The sex-ratio may be slightly 
altered in the hybrids (Table XX1). 

The average values for the counts (Tables XXXII to XXXVIT) are un- 
usually close in the Santa Clara River forms of Catostomus and Pantosteus 
and hence offer a poorer test than usual of the behavior of characters in spe- 
cies crosses. A small difference between the species, with the hybrids inter- 
mediate on the average, is indicated by the counts of dorsal rays and of scales 
in the lateral line, in the predorsal region, and around the caudal peduncle. 
The number of scales in the transverse series (above and below the lateral 
line), however, averages a little higher in the hybrids than in either parental 
species. This unusual relation may represent a true condition. The greater 
number of scales in the transverse series may well be correlated with the 
greater depth of the body in the hybrids (Table XXII). In the minnow 
hybrid, Gila orcuttii x Siphateles mohavensis, a similar increase in trans- 
verse scale counts and in depth of body has been demonstrated and regarded 
as probably due to heterosis (Hubbs and Miller, 1943). The head averages 
longer than in either parental species, and the head and the caudal peduncle 
average about as deep and the dorsal fin about as large as in the Catostomus; 
the Gila x Siphateles hybrid is also large-headed and big-finned. In the 
head width, probably in the snout length, and certainly in the isthmus width 
and in all of the mouth measurements (which are particularly significant), 
the hybrids are intermediate between the Catostomus and the Pantosteus 
(some of these proportions are higher for the 1942 collections than for those 
of 1939 and 1940, due to the better preservation of the specimens). The 
interjacence of the hybrids is especially well shown by the character index 
which expresses the mouth and isthmus measurements (Table XI). The 
mouths of the hybrids show not only the usual features of intermediacy dis- 
played by any of the Catostomus x Pantosteus crosses (pp. 33-36), but also 
present in diluted form the special peculiarities of each of the local parental 
species (Pl. I, Figs. la—c; Pl. VII, Figs. la-c). 

The hybrid indices when summarized for individuals (Table XX XIX) 
fluctuate over a rather wide range, but tend toward an interjacent position. 
The mean value (41) is the lowest for any of the hybrid combinations. The 
variability and the low value are both caused by the peculiar relationships 
discussed in the preceding paragraph. 

The intermediate hybrid nature of the aberrant suckers from the Santa 
Clara River system was confirmed by an analysis of an osteological charac- 
ter (Fig. 6), as represented in the 5 large specimens collected prior to 1942. 
The Catostomus species involved has a well-developed suboblong parietal 
fontanelle in the cranium, Pantosteus santa-anae typically has the fontanelle 
closed in the half-grown and adult, and the hybrids have an opening of 
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TABLE XXII 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus, SPECIES AND 
Pantosteus santa-anae, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, 
as a subscript, the number of specimens. 


Sespe Creek, Santa Clara River and | Santa Clara 
1942 Sespe Creek, 1939-40 River, 1940 
Micasuredeby arccecscciere Hubbs Johnson | Johnson 
Size group, mm. 
CAGOSEOMUS, SP. cere | casceseeeeee 92-109 120—153 eee 
eae (loi). (142), te 
(ely Dridsencecre ane 141-184 87-130 99= 11.4 rn ene 
(167); | (109) su (108); (45), 
Li SOMO RIOO cceasenxom |) exomnenn. 93-123 89-126 39-49 
Feet (102), (108) 0 (42)35 
Body depth 
CatostoMus, SP. en scat, 227-251 2) 4— 25 20 | Weare ce 
Beets, (239) (222)) 5 00 > | eee ee 
(SAO SONS). crmmarmens ire 224-239 | 223-268 20-23. eee en | eee 
(232) (243) (226) (188) 
12s, SHOUTS cocecmmete: || oeoakeare 214-238 173-263 188-214 
Catena (226) (197) (201) 
Caudal peduncle, depth 
CatostoMus, SPo cencce | ccsnes 93-104 86-98 
aotitened (99) (92) 
Ey DLCs eeeerere eee 91-104 96-98 
(98) (97) 
P. SANtA-GNAE corressrecssnn 86-97 78-92 
(90) (85) 
Head length 
CatostoMus, SP. ecco 243-268 226-247 
(255) (236) 
ERY DI same eee 256-265 | 247-277 251-263 
(263) (264) (256) 
Py SANEA-ANGE cerresorsreen eeheeten 254-269 231-264 
reser (263) (249) (278) 
Head depth 
CatOstomus, SP. rc | ccmmana 163-174 4-15 2 |e 
alone (169) (149) pes 
Lely MOvPKU), cerascmmnsoee eee 162-173 | 154-184 15 S=1:7 0 | es 
(168) (169) (162) (160) 
PB. SANA-GNAE! ccc || cxsaanin 155-171 136-159 161-170 
reetacaiacee (164) (149) (166) 
Head width 
CatostoMUs, SP. cece | cesses 161-172 315 On | ees 
ae (167) (153) Rea eee 
Ey Dri Saeeeee een ree 172-190 168-187 5 S— 003 aan | ee 
(181) (177) (161) (156) 
Pe SOMG-ONGE sires | cass 175-188 152-175 153-170 
ada (182) (161) (164) 
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Sespe Creek, 


Santa Clara River and 


Santa Clara 


1942 Sespe Creek, 1939-40 River, 1940 
Measuredmbyerencrr ce Hubbs Johnson Johnson 
Snout length 
CatOstoMUs, SP. cece | ceeccenrean 112-113 107-120 
ee Ae (1138) (1138) 
EY ride erceecenert asa 120-131 109-130 113-134 meters 
(127) (122) (126) (125) 
PS SANTE-ONGE ence || cesar 123-139 105-132 107-126 
(132) (118) (117) 
Mouth width 
CatostoMus, SP. cece Tet Os 79-82 G8=82) 6 - Si") See ee 
ee (81) (80) ens 
TERA STOO qomemuneeraeneate 90-101 89-110 95=104° |) eee 
(94) (99) (99) (104) 
WEFT SQNEC=ONGC ncrcns) || tectreriers 119-134 94-117 111-126 
ie (127) (107) (Glal7) 
Cartilaginous ridge, width 
CGtOStOMUS, SP. cee | concsnncce 39-44 BD—438) | ereeeeees 
neseets (41) (39) 
PELVIC Spee seat ea 48-54 44-56 42-51 
(51) (51) (47) (47) 
P. SQNtG-ANAE ceric 59-68 47-61 52-62 
eee (64) (54) (57) 
Mouth length 
CAEOSEOMUS, SPe cocrecter | ssoreecrrsees 51-54 49-57 
eee (53) (54) 
Bey DULG S ee certninaen cee 60-71 59-79 62-72 
(64) (69) (69) 
ee SOIC ON CC ie cenccemem || N ceterssenne 84-95 66-80 71-85 
Eanes (90) (73) (79) 
Lower lip, union 
CUUOSTOMUS ESD ettcecs || creerers 15-22 17] | cree 
Eee (19) (15) 
DEL y Oxi Gs psec steer 21-29 20-29 15-22 
(25) (25) (19) 
SAUL O- ONCE Verena: 37-48 28-40 
Bacar (42) (35) 
Isthmus width 
OOTOROD OS coe || neem |) eee 33-55 
er (64)* (45) 
Ey Did 0S geeerenr eet crest 79-87 63-94 56-74 ei 
(81) (81) (66) (64) 
TE OG HIOROI OND cemcereteig ||| cece 83-116 56-98 57-91 
eer (98) (78) (80) 


*In the smaller of the two hybrids in this set the gill membranes form a free fold 
across the isthmus, as in the teratological suckers described by Hubbs (1914a). In this 
specimen the scales are not increased in number as they were in the terata previously de- 
scribed; on the contrary the lateral line count is extremely low (69). The isthmus 
measurement of this aberrant fish is not included. 
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TABLE XXII—(Cont.) 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus, SPECIES AND 
Pantosteus santa-anae, AND OF THE PARENTAL SPECIES 


Santa Clara River and | Santa Clara 


Sespe Creek, a 
1942 Sespe Creek, 1939-40 | River, 1940 
Measured Dyaneteest tet Hubbs | Johnson Johnson 
Dorsal fin to occiput, 
distance 
CatOstomus, Spo eencid ||) camsiine 285-288 2OO—27 Lay |e Merete 
a sectbin ae (287) (266) 
TBR ANIMKGIS) goeeemsvecnssercene: 281-300 | 274-301 24.02.61 nn eee 
(292) (288) 252) (267) 
PS SGNUGD-ONGE cic | ccna 269-298 242-284 239-263 
sails (285) (270) (252) 
Dorsal fin base 
CatostoMuUs, SPe eeserien paletacim 154-182 153-180 
es (168) (168) 
JSD ADINOIS osmcencermancnein: 171-188 | 157-188 162-179 
(183) (172) (167) 
BP. SGNLG-GNGE cecncad | cconsnsee 147-196 133-164 
casts (167) (147) 
Depressed dorsal fin, 
length 
CatostOMuUs, SP. cece | snssnnnne 233-301 ZO Oe. 0 nn |e 
eae (267) (268) woiialionte 
ISL AD BGS co mmasesmneene 254-280 | 241-300 205—25 on : 
(267) (267) (268) (271) 
EANSGNUG-GNAC treed ||| eee 233-286 207-254 235-255 
oer (255) (225) (247) 


TABLE XXIII 


DIMENSIONS OF THE PARIETAL FONTANELLE IN HYBRIDS BETWEEN Catostomus, SPECIES 
AND Pantosteus santa-anae, AND IN THE PARENTAL SPECIES 


; Relative 
Standard Length Width Ae Area 
length, of Fon- of Fon- ae x 
mm.(L) |  tanelle fanelle, | “7 (2) aes 
Catostomus, species... ILLS) 6.51 1.70 9.48 2.59 
152 8.30 1.49 9.99 2.08 
153 7.80 1.90 11.70 1.90 
EL y Drid SWpeeencsrest once 99 5.16 0.89 3.47 1.88 
108 4.85 1.20 2.85 1.56 
109 5.86 0.97 3.53 1.72 
110 5.32 1.00 3.70 1.75 
114 5.39 1.23 3.35 1.61 
Pantosteus santa-anae .... 99 3.12 0.20 0.35 0.60 
107 1.90 0.19 0.25 0.00 
109.5 0.00 0.00 0.00 0.49 
114 0.00 0.00 0.00 0.00 
115 0.00 0.00 0.00 0.00 
117.5 0.00 0.00 0.00 0.00 
126 0.00 0.00 0.00 0.00 
Average 
Catostomus, species ..... 141 7.54 1.70 10.39 2.30 
EL yO 10 Sameer en eee 108 5.32 1.06 3.38 1.70 
PANOSCCUS vevsetsssisssrinerien Allg} 0.72 0.06 0.08 0.15 
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Fig. 6. Comparison of parietal fontanelles in hybrids, Catostomus, species x Pantos- 
teus santa-anae, and in the parental species (Table XXIII). 

All figures were drawn to the same scale with the aid of a camera lucida. 

Top row, Catostomus, species: left, from specimen 120 mm. long, taken in Santa Clara 
River, Ventura County, California; center and right, from specimens respectively 152 and 
153 mm. long, seined with the hybrids. 

Middle row, hybrids: from right to left, drawn from 5 specimens grading from 99 to 
114 mm. in length (U.M.M.Z. No. 131666). 


Bottom row, Pantosteus santa-anae: sketched from 7 specimens, grading from 99 mm. 
(at left) to 126 mm. long. 
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intermediate size. The fontanelle in the hybrids tends to be pointed fore 
and aft. The length and width figures as well as the area computations are 
given in Table XXIII. The area was obtained by proportion from (1) the 
length of the fontanelle as measured on the specimen to .01 mm., with pre- 
cision dial calipers ; (2) the length of the opening as measured on the figure, 
which was carefully drawn with the aid of a camera lucida; (3) the area of 
the sketch of the fontanelle, determined by planimeter. The hybrid indices 
average 33 for the length, 39 for the width, and 28 for the relative area of 
the fontanelle. The closer approach toward the Catostomus thus indicated 
may be due to the facts that the fontanelle tends to become reduced in rela- 
tive size with age, and that the measured hybrids average smaller than the 
3 specimens of the Catostomus which were examined for this character. 


8. Catostomus tahoensis x Pantosteus lahontan 
(PI.1, Big: 26; Pls Vil, Fig: 2b) 


U.M.M.Z. No. 124861: 3 half-grown measuring 71 to 84 mm. in standard length, col- 
lected by Carl L. Hubbs and family in Carson River, 2 miles west of Fallon, Nevada, at 
an elevation of 3970 feet; July 30, 1938. 

U.M.M.Z. No. 124870: 1 half-grown 96 mm. long, obtained on the same expedition in 
Humboldt River at Irish-American Dam, about 3 miles northeast of Lovelock, Nevada; 
July 31, 1938. 

U.M.M.Z. No. 124919: 3 young to small adult fish 35.5 to 128 mm. long, also taken on 
the same trip, in Hot Creek, tributary to Pony Creek and thence to Pine Creek, in the 
Humboldt River system in Eureka County, 31.6 miles by road south of Carlin, Nevada; 
August 12, 1938. 

U.M.M.Z. No. 133688: a breeding pair 106 and 122 mm. long, collected by Garth 
Murphy in Little Truckee River just above the head of Boca Dam, about 7 miles east of 
Truckee, Nevada County, California; June 26, 1940. 

U.M.M.Z. No. 133816: 1 half-grown 86 mm, in length, taken by J. R. Alcorn in Carson 
River at Coleman Dam, Churchill County, Nevada; April 27, 1940. 

U.M.M.Z. No. 136273: 1 yearling 46 mm. long, seined by Carl L. Hubbs and family 
in North Fork of Humboldt River near mouth, Elko County, Nevada, June 29, 1942. 

U.M.M.Z. No. 136274: 1 adult of 123.5 mm., taken on the same trip in Truckee River, 
3.3 miles above Wadsworth, Washoe County, Nevada, July 22, 1942. 

U.M.M.Z. No. 140235: 6 yearling to small adult specimens 67-118 mm. long, seined 
by Robert R. Miller and party in Little Truckee River, 14 miles north of Truckee, Sierra 
County, California; August 15, 1942. 

U.M.M.Z. No. 140243: 2 yearlings 44 to 55 mm. long, taken on the same expedition 
in Prosser Creek, 4.5 miles north of Truckee, Nevada County, California; August 15, 1942. 

U.M.M.Z. No. 140285: 3 young and 1 small adult 24 to 96 mm. long, secured on the 
same trip in a distributary of the East Fork of Carson River, Douglas County, Nevada; 
August 19, 1942. 

U.M.M.Z. No. 140302: 2 adults 157 to 165 mm. long, obtained by the same party in 
Carson River, 12 miles east of Carson City, Nevada; August 20, 1942. 

U.M.M.Z. No. 140370: 1 half-grown of 80 mm., seined on the same trip in a distribu- 
tary of Buckeye Creek, about 3 miles north of Bridgeport, Mono County, California; 
August 26, 1942. 

U.M.M.Z. No. 140390: a 68 mm. yearling, also taken on the same expedition in a dis- 
tributary of Buckeye Creek, below Highway 395; August 28, 1942. 
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These hybrids between the 2 common suckers of the Lahontan interior 
drainage basin conform to the general pattern. They exhibit intermediacy 
in the various ways that all Catostomus x Pantosteus do (pp. 33-86). 

In number of dorsal rays (Table XXXII) the hybrids yield an inter- 
mediate average despite the fact that the means for the parental species 
differ by only 0.28 of a ray. Though the parental differences in the scale 
counts are not large, intermediacy of the averages is indicated for the 10 
specimens collected prior to 1942. Except for fin-ray counts no enumera- 
tions or measurements were taken on the 18 obvious hybrids collected in 
1942, when the manuscript was in press. 


TABLE XXIV 


RELATIVE NuMBERS oF Hysrips, Catostomus tahoensis x Pantosteus lahontan, AND OF THE 
PARENTAL SPECIES 


Specimens in University of Michigan Catostomus Tiybrid Pantosteus 
Museum of Zoology tahoensis ee lahontan 
In collection containing hybrid 
(UMM eNO 124.8 Gill eee aa enenceeneee 88 3 39 
U.M.M.Z. No. 124870 ..... 13 1 177 
U.M.M.Z. No. 124919 ..... 7 3 70 
U.M.M.Z. No. 133688 ... 2 2 16 
U.M.M.Z. No. 133816 ... il 1 it 
U.M.M.Z. No. 136278 ..... 12 il 46 
U.M.M.Z. No. 136274 ..... 85 IL 5 
U.M.M.Z. No. 140235 .... 33 6 31 
U.M.M.Z. No. 140248 .... 10 2 49 
U.M.M.Z. No. 140285 ..... 50 4 181 
U.M.M.Z. No. 140302 ..... 58 2 57 
U.M.M.Z. No. 140370 ..... 80 1 + 
U.M.M.Z. No. 140390 .... 51 il i 
PRO Gaye ne ras eee eye retee ncne 500 28 677 
From the Lahontan system ...........ccsccn 3282* ie 28 2007 


* Perhaps one-third of the Catostomus specimens were collected in places where 
neither the Pantosteus nor hybrids oceur. Pantosteus is very generally accompanied by 
Catostomus. 

In either 2 or all 3 of the series as tabulated, representing either 9 or 10 
of the 10 specimens, the average values for the following proportionate 
measurements of the hybrids measured (Table XXV) intervene between 
those of the parental species: length, depth, and width of the head, the width 
of the isthmus, and all the mouth measurements. The length of the snout 
shows nothing important, and there is some doubt as to the significance of 
the head-width proportion. The form of the snout, as well as that of the 
mouth, however, bespeaks the origin of the hybrid (Pl. I, Figs. 2a—c; Pl. VU, 
Figs. 2a-c). 

The 10 individual hybrid indices based on all counts and measurements 
vary from 15 to 86, and average 44, not far below the theoretically perfect 
intermedial value of 50 (Table XX XIX). 
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TABLE XXV 
PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus tahoensis AND 
Pantosteus lahontan, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Little Truckee 
River, California 


Carson and Humboldt Rivers 
and Hot Creek, Nevada 


Size group, mm. 
Co EQHOCNSIS io rortecccrecseen 32-43 62-89 77-134 
| Gn: (76) 2 (105), 
Eloy; [oC Seer sere ceca || err rei 71-128 106-122 
(35)1 (89), (114). 
12, UVC OUD: rere 31-53 63-99 87-108 
(35) 10 (80) 20 (97) 
Caudal peduncle, depth 
CS CANOCNSUS Baris 75-84 86-95 90-95 
(79) (89) (93) 
FEL DTI S emer Oe eae 83-96 95-96 
(86) (88) (96) 
PP LAHONtGN er eee 75-86 72-92 86-92 
(81) (84) (90) 
Head length 
CMCONOENSIS een re 260-294 246-275 248-261 
(275) (257) (255) 
HEL y DT Sige eee aac Me eee ee el 241-255 242-249 
(283) (246) (242) 
ELON LON ane 240-279 217-245 226-239 
(264) (233) (235) 
Head depth 
Ce CAROCNSIS ooccsssanscane 164-183 147-164 152-158 
(kg) (157) (155) 
deh AMIE scarce) © crate a 136-151 150-151 
(160) (147) (151) 
PB lahontan cee 141-158 122-142 129-142 
(152) (136) (137) 
Head width 
CL CAMOCNSIS oovrecccccccsaen 156-165 146-167 150-153 
(160) (154) (151) 
EP DEAS cnc escarar en | wae oer ee 148-164 150-158 
(152) (152) (154) 
BE VARONGON ote. 147-155 137-156 149-169 
(150) (149) (158) 
Isthmus width 
Cy EAROCNSIS oi ecsreensae 52-66 57-71 52-62 
(59) (63) (57) 
Shi ool oer eat a wb ee 68-85 15-15 
(89) (73) (75) 
JE UNO TOD, Seeneesenccsme 77-103 86-103 83-99 
(89) (94) (91) 
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TABLE XXV—(Cont.) 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus tahoensis AND 
Pantosteus lahontan, AND OF THE PARENTAL SPECIES 
_ The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


| Carson and Humboldt Rivers Little Truckee 
and Hot Creek, Nevada River, California 
Snout length 
CRCOMOCNSUS er 89-109 98-130 116-117 
(97) (111) (117) 
ELV DUIS pemeera|| | a aetesneniscts 104-123 115-121 
(102) (112) meBE:)) 
LGHORCO ee er » 93-110 102-117 109-129 
(104) (110) (122) 
Mouth width 
GMEGHKOENSISH arincenee 70-87 73-94 79-81 
(78) (78) (80) 
Ely DLC Smee erase |) F  tanintateet 79-100 89-89 
(87) (89) (89) 
PN LGROMEGM: marascn ce 74-99 91-114 93-126 
(91) (102) (116) 
Cartilaginous ridge, width 
Gp tahoensis etic 32-47 38-46 36-39 
(39) (41) (37) 
Elvibrids (een eer een |) | Gs anariectncs 45-50 46-49 
(48) (48) (47) 
GROG mae 43-59 51-61 61-72 
(55) (57) (68) 
Mouth length 
CO TONOENSISe ee 44-61 46-64 538-55 
(52) (52) (54) 
IS AovUOIE) Geto | heme pene 57-72 60-62 
(59) (63) (61) 
LGR ONC meer 55-74 63-75 70-91 
(65) (69) (80) 
Lower lip, union 
CRLGhOCUSiSE 9-15 10-13 13-14 
(12) (12) (13) 
TEhyoMG) cence |) xapamieatt 20-25 20-24 
(17) (22) (22) 
PUGH OWLAN Men ene 19-36 27-41 37-46 
(25) (35) (41) 


After the foregoing account had been prepared it was discovered that 
Catostomus tahoensis and Pantosteus lahontan differ in the usual number of 
pelvic rays, and that in this character the hybrids are almost exactly inter- 
mediate (Table X XVI). 

Intermediacy of the hybrids in developmental features of pigmentation 
was observed in studying the 1942 collections. As the scales become devel- 
oped anteriorly the scale pockets become rather sharply outlined with dark 
in Pantosteus lahontan, but are only obscurely bordered in Catostomus taho- 
ensis. At this stage the pigment on the side of the head barely extends to 
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the line passing through the lower border of the eye in the Pantostews, but 
tends to pass below that point in the Catostomus. As development proceeds 
the lower border of the lateral band on the head is gradually extended below 
the eye in the Pantosteus, but at comparable stages the pigment extends 
farther down in the Catostomus. Furthermore, the lower margin of the 
pigment tends to form an even and regular line in the Pantosteus, so that the 
head appears sharply bicolored, whereas in the Catostomus the lower border 
of the pigment is less even and the lower side of the face tends to be mottled 
(Pl. VII, Figs. 2a-c). In all these respects the hybrids are intermediate. 


TABLE XXVI 


NUMBER OF PELVIC RAYS IN HYBRIDS BETWEEN Catostomus tahoensis AND 
Pantosteus lahontan, AND IN THE PARENTAL SPECIES* 


Number of Rays in Both Pelvic Fins 


16 17 18 19 20 21 22 23 24 
CRtahOensisies | ees ue 6 30 269 63 Tif al i 
Hy OTIS parece |e cee | eae 9 5 13 De Ss | eee | eee 
P. lahontan ...... 12 ivy 297 24 BOON ee I ee ees 


No Range 
C. tahoensis ...... 447 18-24 
IELy DTidSieeenen: 28 18-21 
P. lahontan ....... 379 16-20 


* These data were obtained too late to be used in the subsequent computations of 
hybrid intermediacy. 


9. Catostomus catostomus griseus x Pantosteus jordan 
(Pl. VII, Fig. 3b) 
U.M.M.Z. No. 127541: 1 half-grown 98 mm. in the standard length measurement, 


collected by Carl L. and Laura C. Hubbs in Sweetwater River at Hudson’s Ranch, Fre- 
mont County (Town 30 N., Range 95 W.), Wyoming; July 11, 1934. 


TABLE XXVII 


RELATIVE NUMBERS or Hysrips, Catostomus catostomus griseus x Pantosteus jordani, 
AND OF THE PARENTAL SPECIES 


— 


Specimens in University of ELT) Pantosteus 
Bete tost i : ; 
Michigan Museum of Zoology Aa Hybrids jordant 
In collection containing hybrid 
WRIVISIME Zoe NOt 277.54.1 eer 2 il 
URINE Zee N One 27/04 Seen eee 13 1 
AOE Aah colts ene Uc 2 15 2 
From the Platte River system occ 692* 2 


* Some of these specimens came from localities below the known altitudinal range of 
Pantosteus jordani. 
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-- TABLE XXVIII _ 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus catostomus griseus 
AND Pantosteus jordani, AND OF THE PARENTAL SPECIES 
_ The measurements are expressed as thousandths of the standard length. There are 
given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Sweetwater River and Alkali Creek, Wyoming 


Size group, mm. Snout length 
CE GNOTUSCUSE nee 79-173 CMGIIONUSCUS er wee reten 105-135 
(118) 12 (al) 
Ly bridieeeweccrncc |) lhascacieten Ey brides genes || Meee ee 
(98), (115) 
BES NOURI Cs. ceecrestrerercorreane 83-125 TER TORO RTO casersnororecmmanco 105-112 
(98)10 (109) 
Caudal pedunele, depth Mouth width 
CRCHOMSCUS ee cee 79-95 CACM OTISCUS Mi emern e 84-93 
(86) (88) 
EL VDE ae eee ee etcrest |; Panne ase Py brids cecsse hana cl | euateneccerecee 
(93) (93) 
Pe VOL GGN ae 81-88 POT AGM aera 94-110 
(85) (102) 
Head length Cartilaginous ridge, width 
CRON G TUS CUS eee ccs 241-266 CRCHORISCUS ener 43-48 
(258) (46) 
MEV DERG ean || anions nance Hybrid  sescucs.castates | geteesomane 
(235) (52) 
PT GOTAGRY Teaecute 210-232 PS jONAGNG te rceetenet en 61-70 
(220) (66) 
Head depth Mouth length 
CD CN OTISCUS eee 138-153 CRCROLISCUS Mer ete 59-70 
(148) (66) 
(SRW ore) cocoon |) commer Dey brid eet s eect |) 8 qucerecarens 
(136) (64) 
(POT AGI memcna tn: 122-138 (Pe OTUGIVG ever tenet 60-72 
(129) (66) 
Head width Lower lip, union 
CCH ONUS CUS etrrcntectisss: 155-171 (OOS GROSGUS cnctctvencenteserore 10-17 
(161) (13) 
Tai yA! concenoreteamemmr, || omegeeorarten TER ACECH coapcsactreemimamcs fo  nattexexgerm 
(152) (27) 
Pee GOR CON wean r nateee. 143-150 PI GOnO GN Uee en ate 30-41 
(147) (37) 
Isthus width 
(OR (Oy OMS CORS csr ene 60-71 
(64) 
FVD caeessctsseesseesteneene | sseesrneerense 
(73) 
PJ ON UDI eerrcensasrecteret 85-102 
(92) 


U.M.M.Z. No. 127548: 1 yearling seined by Carl L. Hubbs and family in Alkali Creek, 
a tributary of Sweetwater River, 14 miles by road from U. 8. Highway 87W toward the 
Red Desert, Fremont County (T. 29 N., R. 96 W.), Wyoming; July 11, 1934. 


Since hybrid No. 127548 became misplaced before detailed counts and 
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measurements were taken, nothing more can be said of it than that it was 
compared with No. 127541 and found similar, that it was also intermediate 
between the assigned parental species, and that an identification of the 
hybrid as between Catostomus commersonnn sucklu and Pantosteus jordant 
seemed excluded by such characters as a high scale count. C. c. sucklu was 
collected with the hybrids (44 with No. 127541 and 24 with No. 127548). 

There can be no doubt that 1 parent of these 2 hybrids was Pantosteus 
jordam (if that is the proper name for the form occupying Sweetwater 
River). That the other parent was C. catostomus griseus rather than C. 
commersonii sucklii seems evident from the high scale counts (Tables 
XXXIII-XXXVII; Fig. 7). No. 127541 shows scale counts that intervene 
nicely between the means for griseus and jordam. The dorsal ray count 
(Table XXXII) is inconclusive. 

In its proportionate measurements (Table XXVIII) the single hybrid at 
hand is intermediate between griseus and jordan: in the length, depth, and 
width of the head, the width of the isthmus, the length of the snout, the 
over-all width of the mouth, the width of the cartilaginous ridge, and the 
length of the union of the lower lips. It is off-center in respect to the depth 
of the caudal peduncle and the length of the mouth (virtually insignificant 
characters in this comparison). 

The hybridity of the available example is confirmed by the various fea- 
tures shared in general by the Catostomus x Pantosteus hybrids (pp. 33-36; 
PI. VII, Figs. 3a—c). Its hybrid index is 44. 


10. Catostomus latipinnis discobolus x Pantosteus delphinus utahensis 


U.M.M.Z. No, 124767: 1 young 25 mm. long, collected by Carl L. Hubbs and family 
just above the mouth of a small tributary of Virgin River, immediately below mouth of 
La Verkin Creek, near La Verkin (Town 41 8., Range 13 W.), Utah; July 3, 1938. 


TABLE XXIX 


RELATIVE Noumpers or Hysrins, Catostomus latipinnis discobolus x Pantosteus 
delphinus utahensis, AND OF THE PARENTAL SPECIES 


Specimens in University of METIS : Paneon Ges 
Michigan Museum of Zoology Pa ae Hyped pena 
In collection containing hybrid 
Wee Z Now 124767 een 16 il 119 
From the Virgin River system .......... | 125 il 590 


This additional combination between a fine-scaled Catostomus and a Pan- 
tosteus falls in line with the other interspecific sucker hybrids in regard to 
the relationship between its characters and those of the parental species. 
The scales appear to be intermediate in number, but are too poorly developed 
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TABLE XXX 


PROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Catostomus latipinnis discobolus 
AND Pantosteus delphinus utahensis, AND OF THE PARENTAL SPECIES 
The measurements are expressed as thousandths of the standard length. There are 


given for each item the range of the measurements; the average, in parentheses; and, as 
a subscript, the number of specimens. 


Tributary of Virgin River, Utah 
Size group, mm. 
(CTs CiSCOUOLUS Se een | eat ne 89-105 
(35). (97)« 
Hiybrd tee |) 8 — Sacawe | © ||  eeeeios 
(2.5) nn | er ae 
Po Ge UCANENSTS) orescence yeasaneeeaneeh 30=856" OO i aes 
(33)4 (89) 
Caudal peduncle, depth 
GRR GISCcObOlusS pre eer eee eee 
(60) 
Ey TL genes oe oree meee es eee Ra cacdessestert 
(80) 
ECU QICTUSUS water eee 75-84 
(79) 
Head length 
GNU GISCOUOLUST ee eee, | ees 
(279) (265) 
AE Mayfo hacer arte eases ctsrnocsesensesceaneaanc ee ce 
(287) 
(PMO RULANENS Siam Ree 281-299 
(289) 
Head depth 
COTS GISCOOOUUS | esters 
(168) (160) 
ISR curemcmemeenaer sues || Geese 
(168) 
CPUC M LLG C NSIS errr 160-171 
(168) 
Head width 
CRLRATSCODOUUS Rea ees 162-172 
Si) (165) 
TER JOWGL cocmucumermetenrommimmei || | exatrette ery 
(162) 
POs UEANCNSUS cacao 154-169 
(167) 
Isthmus width 
COMLGUSCOD OUUS ee ee || eases 53-57 
(54) (55) 
Ev Dr deere | ecm Ch) G0 Fatoraees 
Ly iS) a | es 
Py ALL GHENSUS) sanmoettctesiarsare 8310) 3 ee | cece 
(92) (101) 
Snout length 
i 137-144 
COEMGUSEOO OLS ee || seeeecceeeces 
(105) (139) 
CeIn or ce acti) ate sence: 
Hybri (i07) 
FE GI Ui CAUSOSS cereeceneectereerecemree ttre 105-123 
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TABLE XXX—(Cont.) 
tostomus latipinnis discobolus 
ROPORTIONATE MEASUREMENTS OF HYBRIDS BETWEEN Ca 
AND Pantosteus delphinus utahensis, AND OF THE PARENTAL SPECIES 
tandard length. There are 
The measurements are expressed as thousandths of the s E 
given for each item the range of the measurements; the average, in parentheses ; and, as 
a subscript, the number of specimens. 


Tributary of Virgin River, Utah 


Mouth width 
CUA CISCODOLUS er ee || ace 100-113 
“i (89) (105) 
VE Red ara bee eee ener neater 88 cayttrnpee af 
Yi, Tl (86) 
IP Gs UEGRENSIS nner 91-124 
(113) 
Cartilaginous ridge, width 
CRIN GiscoDOlistetne ee | ee 36-39 
(38) (37) 
FRY Di id eetcurecceetetonnsessemcianencecerces || 9) eve aa fr 
(48) errr 
PO MUbOR CS tS eee 538-62 gee ee 
(58) (64) 
Mouth length 
Gals discobolus 2h en 
(64) 
Ise dualih wrnmemrnimniemenareres | | eddies 
(59) 
EG UUCILENSUS mentee 64-84 
(75) 
Lower lip, union 
COUSGISCOD OLS ree ene 
(13) 
Mole debuls Gemeemeementenesrer eee || -catteiet 
(19) 
(PG RULGNENSISH ete te ee 24-31 
(30) 


in the one small example to be counted with accuracy. The dorsal rays 
(Table XXXII) number 11 instead of usually 13 or 14, as in the local stock 
of C. 1. discobolus, or 9 or 10, as in P. d. utahensis. 

Material for a comparison of the proportionate measurements (Table 
XXX) is very unsatisfactory. The most critical measurements, of the width 
of the isthmus and of the cartilaginous ridge, and of the length of the union 
of the lower lips, do exhibit the expected intermediacy. Under the circum- 
stances the over-all width of the mouth does not. The other measurements 
are hardly critical enough to warrant consideration. 


CoNCLUSIONS 


Although we miss the evidence of experimental matings and of cytologi- 
cal abnormalities that is available for other families of fishes, we feel that 
the data presented in this paper demonstrate that distinct species of the fish 
family Catostomidae do hybridize in nature. In general, the natural hy- 
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brids in this family seem to be of rather raré and sporadic occurrence (Table 
XXXT). The 182 hybrids identified in this family constitute 11.5 and 7.2 
per cent of the specimens, respectively, of the more primitive and of the 
more specialized of the parental species with which they happened to be 
collected, but only 1.8 and 1.5 per cent of the specimens of the 2 species from 
the same river systems (as delimited in Table XXXI). If we could satis- 
factorily exclude the specimens that were taken in those parts of the river 
systems that are inhabited by only 1 of the species, the ratio of hybrid fre- 
quency would be raised somewhat. In those parts of the stated stream sys- 
tems where both parental species occur, perhaps 1 sucker in 100 on the 
average is an intbeXpecific hybrid. 

In 6 of the 10 crosses the ffequency of hybridization is probably less than 
the average figures just given, but in 4 of the combinations, the hybrids seem 
to occur much more commonly. The hybrids between the not closely related 
species Catostomus macrocheilus and C. syncheilus (both subspecies) consti- 
tute 15.1 and 21.6 per cent of the individuals of the respective parental forms 
with which they were collected, and 6.4 and 4.2 per cent of the total num- 
bers of the parental species at hand from the same river systems. In 2 com- 
binations the hybrids are scarce in comparison with one of the parental 
species but, on the basis of the known material, actually seem in one cross to 
approximate and in the other to outnumber the second parental species, 
which is extremely rare in the same river system. There has obviously been 
in each case some extreme disruption of the normal ecological relationships. 
In one of the combinations we can feel reasonably sure that the basis for the 
anomalous mating relationship was the recent introduction of one of the 
forms, Catostomus commersonni sucklii, into the Colorado River system, 
where Pantosteus d. delphinus, the other parental species, abounds. In the 
other similar situation, we can explain the extreme rarity of one parental 
species (Catostomus, species) as due either to its recent introduction, or, 
more plausibly, to the destruction of its former habitat, following the use 
of the stream water for irrigation. On either basis, this rare form would 
have been forced into association with an abundance of another species, Pan- 
tosteus santa-anae, with which most of its few spawners would appear to 
have hybridized. In this situation the rare species appears from observa- 
tion as well as on theoretical grounds to be approaching extinction. The 2 
specimens of Catostomus and the 38 hybrids collected on October 2, 1942, 
showed gonadal evidence of having spawned little to not at all during the 
preceding spawning season. In this combination the sex ratio may be some- 
what disturbed. 

The rare and sporadic occurrence of specimens unclassifiable as to spe- 
cies, except where the normal population ratios have been greatly disturbed 
as just indicated, is a main reason for the interpretation of the aberrant 
individuals as hybrids. The presumed parental species are known to occur 
in the same system and have generally been collected with the fish thought 
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to be hybrids. No integrity of populations or of spawning runs, or other 
evidence of specific integrity, has been indicated for the aberrant types. 
Their characters, particularly in the intergeneric crosses, Catostomus x Pan- 
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eee fe ee of various sucker hybrids with their parental species in the 5 
scale counts (Tables XXXIII-XXXVII). 
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tosteus, are discordant with the taxonomic system of the family. Nor do 
they have features which would lead one to regard them as extreme variants 
or mutant sports of any recognized species. No assumption other than that 
of the intermating of species in nature agrees with the facts. 

The most cogent reason that favors the hypothesis of hybridity is that 
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TABLE XXXIII 
NuMBER OF LATERAL LINE SCALES IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 
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* Computed from the original, unclassed data. 
t Including the counts listed in the top row. 


Number of Lateral Line Seales (Frequencies) Statistical Computations 
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TABLE XXXIV 

NUMBER OF PREDORSAL SCALES IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 

Number of Predorsal Scales (Frequencies) Statistical Computations 
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* Computed from original, unclassed data. 
+ Ineluding the counts listed in the top row. 
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: TABLE XXXV 
NUMBER OF SCALES ABOVE THE LATERAL LINE IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 
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* Including the counts listed in the top row. 


TABLE XXXVI 
NuMBER OF SCALES BELOW THE LATERAL LINE IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 
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Hybrids ........... 2 15 3 tna evccetael|| scents (eee eee 21 8-11 9.14 14 7.0 26 
PesClGP HUG Frnt cscternie 2 | LEAs, 8 C1) ee al Rebate lhe cet | lace wl [rete 40 8-12 9.88 14 S10 ce ee: 
CatostoMmus, SPECIES cece | coe | se uy 3 tga sree gata | ec 5 11-13 12.00 32 Gisy OW Bee 
by bridsieee sci | | ee el era | Sol eke, 3 OF | PiGm |e, 3 AE Fallout 44 11-16 13.14 ahr 8.4 139 
PYOSUNTO-ANUGe a ewes cere trate earner || Parte | ante Ct [ae Bil 9 5 AS) emt [Bee 33 11-15 12.82 21 9.3 ; 
CFSCGROENSIS Settee oe tenes [utente] Cae 4 4 7 3 PRMNE 9 ere | mec 20 10-14 11.75 .28 aly ge ale ee 
Ay prida gcidie Msc ecainiers |e S40 nee 1 3 4 1 iL ee | tee © lente | pees 10 9-13 10.80 34 9.95 52 
Po Uahontan on Be Teak le LS Bs RE man) | ere peamet | 16 8-13 9.94 19 765° 1. wae 
C. catostomus GTiSEUS ecccnn | nn | cee | nee | see [nee sae 7 4 1 12 13-15 13.50 18 Aine 
Eiybrid aac Be ee era |e) oaks ~ eotieaeeera,-|| Gass a Ae hese lpeeeieoeall  eorcsch Me ten P| mute 1 12 12.0% e =. 51% 
Peiordand sat ncaeicsetn ies | ee. || ee | nn a (oes, oe a a ea fee ee imeem) Pe 11 10-12 10.55 .20 fis ee ie) ye 


* Including the counts listed in the top row. 


TABLE XXXVII 
NuMBER OF SCALES AROUND THE CAUDAL PEDUNCLE IN SUCKER HYBRIDS AND IN PARENTAL SPECIES 


Number of Seales around Caudal Peduncle (Frequencies) 


Statistical Computations 


C. commersonnit sucklii . 
AAV DRAASS ns. 
C. catostomus gr 
C. macrocheilus 
Hybrids Ronee 
C. syncheilus syncheilus ......... 
C. macrochewus 0.0 
[ESTA EY eee epee 
C. syncheilus palouseanus ......... 
C. commersonnti SUCKUA 0.0... 
[ER ioe lo) eae eee 

P. jordani 
C.commersonnit sucklir* ........ 
Hybrids 
P. delphinus Gelphanus 0.0... 
EGHAMBE OTS ocorecsccsccssiisetecvnccices 
Hybrids ..... ms 
aOR ETT) fe er er a See 
Catostomus, SPCCICS -.rccsecercccer 
PEN ah per oS issppnvan cusses 
BOREAL. focesccicnssccrctiotsieiancinsh 
SRA CNSIS ayer costarccocsenrvssationverteson 
Hybrids 
P. lahontan ete iase acsniceeon 
C. CALOSFOMUS GTISEUS ...esrveesrnen 
[onda oi ly eneeente een 

P. jordani 


NBCUS Dicansiccine 


2915530) | 318) 93820 e383. |e 34. No. Range Ave 

Pee \ Brera | feet || ees ae enero | a are 27 19-23 20.30 

LTE | cece || OP | ati tall cer nae 4 27-29 28.00 

4 3 6 8 4 il 33 26-36 30.97 

ce Seer) ie ecenl enh | Mees eso 48 18-24 20.71 

4 Pig We cee ||" se saga ae 40 23-30 27.00 

6 Gy yl) “allay. || Ss 5 2 52 27-38 31.29 

BA Hirecscarh eters Al ease A ett al [eBoy a ARS 38 20-25 21.68 
alee eevee 1 Rec Uh cea A pees cot 2 26-28 27.02 
eee Caan if Wy 5 6 4 40 30-38 32.55 
erry once | Cees lie ae [ice | ese: 10 18-22 20.00 
cise | Weter en cece, u[ntceecan | Macorevee cts | cee 2 24-25 24.52 
3 Bille Seeeraie: |fdeeress hve gl Pa meal Renee 10 26-29 27.70 
Baily iecacie A) cece fo ettee call cette Pech all vane 34 18-23 20.18 
a eee BWP sesr dll Bees ia ccc A limes a 22-30 25.71 
3 6 1 3 BS |) fem ses 23 25-32 28.83 
OA Shoes A becaag IN Sao TN ceca Perea, comm 40 19-25 21.85 
PA se I eee WR oes lee | cate: Wh aes: 21 21-25 23.14 
Ae hee, hae GE oes Nimes ML gue allen 39 23-28 24.79 
PAR Rok WP eae aeore j|ancie |b ccastal(> stm 5 25-28 26.80 
14 8 7a | corre cree atoll be 44 25-30 27.98 
ay STR alg) 5 beg (ero eae 46 27-32 29.28 
ah 1 4 6 2 Sail feecake 14 29-33 30.86 
3 Sib ee al eee | erm dart 9 26-29 27.78 
BW): oll eee fp Becket Neth [amen | ediiace 28 23-28 25.71 
set ak ieee 5 5 il oe 12 29-33 31.42 
Me | operate (tenes Vbeeec recherche ree 1 29 29.0? 
seam Nemec} flare enererai teers 11 23-26 25.27 


* Including the counts listed in the top row. 
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the aberrant specimens are uniformly intermediate between the species which 
logically may be assumed to be parental. This basis for the identification 
30 
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HYBRID INDICES FOR ALL CHARACTERS OF ALL COMBINATIONS 
Fig. 8. Histogram showing frequency distribution of the average hybrid index for 
each hybrid specimen (Table XX XIX). 


Shaded rectangles represent Catostomus x Pantosteus hybrids; the hollow blocks, 
Catostomus x Catostomus crosses. The concordant data of 1942 for the Catostomus, 
species x Pantosteus santa-anae cross and 18 dorsal ray counts for Catostomus tahoensis x 
Pantosteus lahontan were added to the text after the graph was drawn. 
of natural hybrids has already been treated (pp. 12-14). We point out now 
how well the data for the Catostomidae conform with the general observa- 
tion that, in fishes at least, systematic characters usually exhibit a seemingly 
almost Galtonian type of inheritance. 
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Whenever there is a marked and trustworthy difference between the 
parental species in the number of dorsal rays, the averages for the hybrids 
intervene nicely between the means for the parental species (Table XX XII). 
This is also true for the number of scales in each of the 5 series counted 
(Tables XXXIII-XXXVII; Fig. 7.) In 3 of the combinations the pelvic 
rays were found to average fewer than in one species but more than in the 
other (Tables VIII and X XVI). 

The proportionate measurements of the hybrids, in general, also inter- 
vene between those of the parent forms (Tables II, VI, X, XIV, XVI, XIX, 
XXII, XXV, XXVIII, and XXX). The evidence is not quite so clear as 
for the counts, in our opinion principally for the reason that the measure- 
ment data need to be separated by localities and size groups, thus greatly 
restricting the size of each unit of comparison. Even so, the average values 
are intermediate in the hybrids for almost all the proportions in which the 
species involved show any considerable difference. 

The intermediacy of the hybrids is exhibited also in many features of 
form and coloration, as outlined through the text and as illustrated in Plates 
III-VII. As compared with its mate in miscegenation, one of the parental 
species usually has a larger, more depressed, more bulbous snout, that pro- 
jects farther beyond the more inferior mouth, and the hybrid is in between. 
Usually, one of the species is darker and more strongly mottled than the 
other species, and the hybrid again forms a graded series with its parents. 
In the Catostomus commersonnu sucklu x Catostomus catostomus griseus 
cross, intermediate life colors were also observed (p. 19). In one of the 
Catostomus x Pantosteus combinations the hybrids were seen to be inter- 
mediate in developmental features of pigmentation (pp. 57-58). 

The position of the hybrids between the parental species is strikingly 
brought out by certain character indices (the use of the character index is 
explained and justified on pp. 4-6). Indices which sharpen the expression 
of difference between the species and emphasize the intermediacy of the 
hybrids are as follows: 


Sum of all scale counts minus number of dorsal rays, for the Catostomus macro- 
cheilus x C. synchetlus combinations (Table V; Fig. 1). 

Sum of 3 scale counts minus sum of the other 2 scale counts, for the Catostomus 
insignis x Pantosteus clarkii cross (Table XVIII; Fig. 5). 

Distance from dorsal fin to occiput divided by length of depressed dorsal fin, for the 
macrocheilus x synchetlus series (Table VII; Fig. 2). 


Sum of several proportionate measurements of mouth and isthmus (Table XI ; Figs. 
3-4). 


The hybrid indices (pp. 6-8) tend to approximate very closely the 
value 50, which is the indication of exact intermediacy on a percentage seale, 
in which the mean value for one parental type is set at 0 and that of the 
other species at 100. The hybrid indices for the several characters yield a 
grand average of 51 (Table XX XVIII). The hybrid indices for the charac- 


TABLE XXXVIII 


FREQUENCIES OF INDIVIDUAL Hysrip INpICES, ror ALL COMBINATIONS BETWEEN SPECIES OF Catostomus AND BETWEEN THOSE oF Catostomus AND Pantosteus, 


AND FoR ALL LOCALITIES 


ale in which the average value for the more primitive parental ies 1 
\ species is set at 0, and that for the 
sregarded when the difference between the parental penton is foaattias 4 per cent. d 


An index of 50 indicates exact intermediacy, on a se 
more specialized parental species at 100. Indices are di 


Average 
Difference 
ee Individual Hybrid Indices 
Character and Combination ee as ee ee) ee ae No reed 
~~ lo} 
=| ‘=| ° » > ' 
5 ‘o) 10 a 1919 19 £15 Ses £9 = a i 
Dorsal rays oe 
Catostomus X CatostOMUs voce 1.8 13 6 3 36 30 1 
zee yl) aCe | Met Omen |. Ait Oo cia eee | ae 2 () | 76 63 
Eartomans MEP ARGOSEOUS. oc putsccenecan 1.0 5 LOA Hd ctsoNee eee 5 15 1 30 am) 75 51 
Lateral line scales . 
Catostomus X CatostOMUs ooecccccccccccccereseven 31.6 ABT ie 19 20 7 2 
nop) | gees ale aD Pe 2 Oa ey) ae | Meme | aa 48 47 
Catostomus X Pantosteus eeeeeccccsoenun 8.1 12 Oe 4 8 6 8 5 4 7 46 73 
Predorsal scales 
Catostomus x Catostomus 20.5 AO Ge nae ines | pe ee 5 12 10 2 29 59 
Catostomus x Pantosteus 7.2 20 3 6 3 12 23 18 6 On| nee 73 43 
Seales above lateral line 
Catostomus x lien eres 7.0 Ys Tae gl (PA eee MY ff net 9 23 Soa ee eL I, Mey bh eee 40 49 
Catostomus XK PANtOsteUs oeeccceorennn 2.2 18 19 25 8 13 5 7 Cf le Ses OE Dice <7oe 84 = 
Seales below lateral line 
Catostomus X CatOstOMUS  resoosecocrscesre 5.05 eS 2e Ne mes. 1 1 7 12 16 Ot Sect | eee 42 51 
Catostomus X PANTOSTEUS roccseeeceeenennneen ieee | aks: 6 1 26 2 5 4 3 15 15) 79 87 
Seales around caudal peduncle 
Catostomus X CatostOMUs o.ccceccccene 10.6 SG || pe Meenas |e kre | ee 1 24 19 Pie See | ae Mee 46 59 
Catostomus X PANtOSsteUs ones 3.6 15 3 4 12 6 26 14 ila Ch Pie mee 84 49 
Caudal peduncle, depth 
Catostomus x Catostomus . 3.2 4 3 2 4 Uf 3 5 4 2 22 52 121 
CatostoMmus XK PANTOSECUS ...cccccscsssseeseeseseeeeeins 10.2 alal il 4 14 8 18 all 7 Ses aaa 76 26 
Head length 
Catostomus x Catostomus 16.9 6 6 55 3 8 12 10 10 9 4 67 58 
Catostomus x Pantosteus D2: 6 Sa |e 4 10 12 uf 3 3 5 47 63 
Head depth 
CatostoMuUs K CAtOStOMUS  occcccsssssseeeeen 12.3 8 7 4 5 9 19 11 10 5 4 74 50 
CatostoMus X PANTOSTEUS  crrcsecsssssssreseeve 12.7 tele (lh, 1 Sevetee 10" cies 1 17 13 6 A) ee | eee 41 48 
Head width 
CatostoMus XK CAtOstOMUS  eoececcverrseswsevwreeweee 3.6 2 1 2 2 PA) ble bee Bie dito — Manne 1 2 13 47 
Catostomus XK PANtosteUs ceeccccccsscssssesenn 10.8 7 1 5 5 6 9 21 11 6 5 69 69 
Isthmus width 
Catostomus X PAntosteUst ceeccccccccossssseseesee 36.7 Ge ieee | care 2 29 33 13 30 |e ee 80 45 
Snout length . 
CatostoMus X CAtOstOMUs ercccssesessseseseenen 5.4 5 3 il 1 4 6 4 4 2 3 28 57 
Catostomus x Pantosteus 12.4 it 5 5 4 12 8 19 2 2 ill 68 67 
Mouth width 
Catostomus X CatOstOMus  werseercecsssesrete 7.8 10 14 2 10 4 8 eT 2 6 13 70 49 
Catostomus X PANtOsteUs revcccseeeenne | 36.2 44a vase 2 7 29 24 15 2 Lys ae 80 43 
Cartilaginous ridge, width 
CatostoMus XK CatOstOMuUs  rvvevssvsevvsveewwwe 7.5 21 3 2 1 14 20 13 8 fl 7 75 63 
Catostomus X PANtOste Us  ceccsorrsrsessee 22.9 eye he ee Ae eae il 26 44 8 Lal) | Coach ney 80 44 
Mouth length 
Catostomus X CatostOMUs recesses 3.3 6 14 1 9 il 2 9 6 8 8 58 48 
Catostomus x Pantostews —rescccsessereseceoen 24.7 42 3 Oa) Pes 18 28 13 12 i 3 79 57 
Lower lip, union 
Catostomus x Catostomus . 3.6 30 13 13 4 13 ii 13 5 5 3 76 26 
Catostomus x Pantosteus SOM TAD ih. \aeteee mallee ere. 4 31 37 if 15." ee oeeem ||| aees 80 30 
Dorsal fin to occiput, distances 
‘ah Catostomus x CatostomuUs ccucsnscunon 19.6 8 4 5 6 6 20 13 7 6 4 71 52 
Dorsal fin base§ 
Catostomus X CatostOMUsS reccsscccsseceeveeee 32.0 14 1 4 6 10 20 23 11 Ale Sas 76 52 
Depressed dorsal fin, length§ 
Catostomus x CatostoMUs eeccconenne | 29.3 | 10 4 2 6 14 21 22 3 1 1 ape: 
All counts 
Catostomus X CatostOMUs  cccsccssccnrerene | sonon 39 , 1 fi 44 127 60 cay a ae: 1 281 55 
Catostomus XK PANtosteUs ercessscsscsesne | seven 14 50 36 53 46 80 52 62 29 33 441 47 
All 
Beek Ortlloriat cece. | 10 | 73 | 43 | 57 | 92 | j198 | 187 | vo | 53 | 71 | 734 |” 4 
Catostomus XK PAantosteus cercrescscsesssvsvreeeee | sesso 39 23 al 42 186 226 120 46 16 24 700 48 
ae 2-30 143 93 144 194 314 253 189 96 126 1552 53 
P Ponies ee eee Wel eee 36- 
All counts and measurements ............. 141 | 3 4 15 174 257 116 30 2 3 604 47 
GATE GUAT oeceeecseeeeeensvrenvesntsnssnssnecenennsnonnnee | eneene 23 | 146 97 159 368 571 369 219 98 129 2156 51 


* The averages in these two columns are weighted by number of specimens, and differences of less than 4 per cent are considered in these computations. 
The amount of difference refers to the actual counts, or to measurements expressed in thousandths of the standard length. 

+ Weighted averages, based on the original, unclassed data. : as : 

t This measurement differs little, and was not taken for the interspecific hybrids, within the genus Catostomus. 

§ These measurements were taken only for the Catostomus x Catostomus hybrids. 
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ter indices of mouth and lip structures average 42 (Table XII). The aver- 
ages of the summary hybrid indices for all the characters in each individual 
vary from 41 to 56 for each of the 10 combinations, with a grand average of 
49—again very close to exact intermediacy (Table XX XIX; Fig. 8). 

For a few characters the hybrid indices tend toward a trimodal distribu- 
tion, with modes below 0 and near or above 100 as well as the submeridian 
one (Table XX XVIII). This is true of the indices for dorsal ray counts, 
despite the fact that the average number of rays of this fin in the hybrids les 
between the means for the parental species (Table XXXII). The reason is 
that the averages for the parental species of certain crosses differ by less 
than 1.0 ray so that the counts for the hybrid, necessarily whole numbers, 
often fall beyond the mean for either parental species. The hybrid counts 
must all fall beyond either the one or the other of the parental means in the 
combination, Catostomus tahoensis x Pantosteus lahontan, for in this cross 
the means for the parental species, respectively 10.38 and 10.10, both he 
between two integers; if the hybrid count is 10 the index will be above 100, if 
11, below 0. A tendency toward extreme indices is also shown for the 
counts of scales above and below the lateral line and for the depth of the 
caudal peduncle, because the Catostomus, species x Pantosteus santa-anae 
hybrids tend to have high values for these characters (see p. 49). The 
hybrid indices cluster close about the mean value of 50, for the characters by 
which the parental species on the average differ by more than 30 per cent 
(Table XXXVIII, next to last row). 

The tendency toward intermediacy pervades the whole structural system 
of the organism, involving internal as well as external characters. In this 
respect, too, the sucker hybrids agree with interspecific crosses in other fish 
families—for instance in the Pleuronectidae (Hubbs and Kuronuma, 1942). 
The intercalation of the catostomid hybrids between the parental species in 
structural features is particularly well shown by the mouth characters (as 
demonstrated through the preceding text, in Tables XI-XII, in Figs. 3-4 ; 
and as illustrated in Pls. I, II, and IV). Differences in color of peritoneum, 
length of intestine, and size of air bladder are also involved. As shown by 
Figure 6 and Table XXIII the degree of development of the parietal fonta- 
nelle is intermediate in the hybrid between Catostomus, species and Pantos- 
teus santa-anae (the 2 larger C. commersonnii x P. delphinus hybrids fail 
to show such intermediacy, and the C. insignis x P. clarkii cross was not 
studied in this regard). No other explanation than that of hybridization 
would seem capable of explaining the interposition of the whole array of 
characters between those of 2 species. 

An intermediate type of relative growth in 1 hybrid is indicated by 
plotting the character index based on the lip and isthmus structures (Fig. 4). 

In all ways, therefore, the hybrids tend to be intermediate between the 
species which miscegenated to produce them, and the intermediacy is often 
highly specific ; that is, the hybrids have characters which lie between those 
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of the particular forms with which they are associated. This particularized 
intermediacy may be seen in external features of general appearance (as 
shown on Pls. III to VII) ; particularly well in mouth structures (p. 34; Pls. 
J-IT) ; also in size of scales, including the squamational pattern (pp. 22, 30, 
37, 40, and 43; Pl. V; Fig. 7), and in many other characters. By such rela- 
tions the interpretation of the variant suckers as hybrids is strongly verified. 

As evidence of hybridity, a point of outstanding importance is that 
several uncorrelated characters in the same set of specimens show inter- 
mediacy between the same pair of species. Thus, the suckers of the Colum- 
bia River system which are intermediate between C. macrocheilus and C. 
syncheilus in the number of scales and dorsal fin rays (Fig. 1) also show 
intervening values in the relative length of the depressed dorsal fin and of 
the distance forward to the occiput (Fig. 2). The uniform tendency toward 
intermediacy is witnessed by almost the entire body of data in the present 
study. 

All of the data on the interspecific hybrids in the Catostomidae therefore 
conform to the rule that simple Mendelian segregation is seldom displayed 
in the inheritance of the systematic characters of fishes (Hubbs, 1940: 
205-9). This rule holds whether the differences between the parental spe- 
cies be qualitative or quantitative and whether the differences be large and 
striking, or so minor as to be demonstrable only by statistical analysis. Uni- 
formly, the offspring exhibit intermediate characteristics. They do not 
grade from the one extreme of one parental species to the opposite extreme 
of the other form involved in the cross: for any character the frequency dis- 
tribution is in general similar to that displayed by each parental species 
(igstei-3,10,/7; -Lables- V5 VL, VET, CX Te Xavi | eG im een Ee 
XXXVII). The tendency for the hybrid indices to cluster about the point 
(50) of exact intermediacy (Tables XII, XXXVIII-XXXIX;; Fig. 8) con- 
firms the same principle. There is, of course, a theoretical possibility that 
Mendelian segregation may obtain, for there is a conceivable (though re- 
mote) chance that all characters show a balance between dominance and 
recessiveness. 

For each character and for all characters combined, the hybrids seem to 
show little if any increase in variability as compared with the parental spe- 
cies. This conclusion, based on an inspection of the figures and tables, has 
been confirmed by computing and summarizing the coefficients of variability 
(V). The coefficients have the same order of range and of magnitude in the 
hybrids that they do in the parental species (Table XL). The slightly 
higher average coefficients shown by the hybrids for certain features is to be 
explained as a consequence of the smaller samples, which cause the values of 
V to fluctuate; a few values are sufficiently high to raise the average a little. 

The fact that the coefficients of variability are not notably inereased in 
the hybrids conforms to the principle that systematic characters show a 
seemingly Galtonian type of inheritance. Obviously there has been no large 
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amount of error in the identification of the hybrids, for if there had been 
many mistakes, the variability would have been greater. Clearly, too, there 
can have been little backcrossing between the hybrids and the parental 
species, for this would also have led to a marked increase in variability. 

Since, so far as we have discovered, there has been little if any back- 
crossing between the catostomid hybrids and their parental species and no 
real hybrid populations have been built up, we are unable to indicate that 
interspecific hybridization has played a role of any speciational importance 
in the Catostomidae. The fact that Catostomus syncheilus is intermediate 
in many respects between Catostomus macrocheilus and Pantosteus jor- 
dani—two other species of the Columbia River system—suggests the possi- 
bility that it may have arisen through the hybridization of those forms. 
C. syncheilus, however, shows its full specific distinctness in certain peculiar 
features, by its occurrence in many places with only one or with neither of 
the other species, and by the fact that it breaks up into its own series of local 
races. The approach toward Pantosteus also displayed by Catostomus 
catostomus conceivably could have been due to past hybridization, followed 
by backerossing and inbreeding. It is our opinion, however, that the char- 
acters which Catostomus syncheilus and C. catostomus share with Pantosteus 
are the products of parallel evolution, for all of these features can be related 
to life on the bottom of swift, shallow streams. Such parallelisms are abun- 
dantly illustrated by fresh-water fishes (Hubbs, 1940, 1941b). 
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PLATE I 


Mouths of sucker hybrids and parental species 
Drawn by Grace Hager j 


The enlargements were adjusted so that the specimens of the parental species (a and 
c) were represented as if they were of the same size as the hybrid (b). 


Fic. la. Catostomus, species: U.M.M.Z. No. 131665, 153 mm. in standard length, 
from Sespe Creek, Ventura County, California. 

Fig. 1b. Hybrid: U.M.M.Z. No. 131666, 114 mm. long, from the same collection. 

Fig. le. Pantosteus santa-anae: U.M.M.Z. No. 131657, 95 mm. long, from pond off 
Piru Creek, Ventura County, California. 

Fie. 2a. Catostomus tahoensis: U.M.M.Z. No. 124855, 83 mm. long, from Carson 
River, Churchill County, Nevada. 

Fic. 2b. Hybrid: U.M.M.Z. No. 124861, 84 mm. long, from the same collection. 

Fic. 2c. Pantosteus lahontan: U.M.M.Z. No. 124856, 84 mm. long, from the same 
collection. 

Fig. 3a. Catostomus insignis: U.M.M.Z. No. 121641, 91.5 mm. long, from Middle 
Fork of Hast Branch of Black River, Apache National Forest, Arizona. 

Fig. 3b. Hybrid: U.M.M.Z. No. 121642, 94 mm. long, from the same collection. 

Fie. 3c. Pantosteus clarkii: U.M.M.Z. No. 121640, 90.5 mm. long, from the same 
collection. 


PLATE III 


Hybrid sucker, Catostomus commersonnu sucklu x Catostomus 
catostomus griseus, and the parental species 
Photographed by Clarence Flaten 

Fie. 1. Catostomus commersonnii sucklit: U.M.M.Z. No. 132229, 155 mm. in stand- 
ard length, from Laramie River, Albany County, Wyoming. 

Fie. 2. Hybrid: U.M.M.Z. No. 132230, 152 mm. long, from the same collection. 

Fig. 3. Catostomus catostomus griseus: U.M.M.Z. No. 132217, 156 mm. long, from 
North Platte River, east of Parco, Carbon County, Wyoming. 
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PLATE IV 
Hybrid sucker, Catostomus commersonnu sucklu x Pantosteus 
jordani, and the parental species 
Photographed by Clarence Flaten 

Fie. 1. Catostomus commersonnii sucklii: U.M.M.Z. No. 132236, 55 mm. in standard 
length, from Lodgepole Creek, Kimball County, Nebraska. 

Fie. 2. Hybrid: U.M.M.Z. No. 120375, 56 mm. long, from Grace Coolidge Oréek, 
Custer County, South Dakota. 

Fig. 3. Pantosteus jordani: U.M.M.Z. No. 120378, 55 mm. long, from Stockade 
Beaver Creek, Weston County, Wyoming. 
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PLAatE IV 


PLATE V 
Hybrid sucker, Catostomus commersonnu suckli x Pantosteus 
delphinus delphinus, and the parental species 
Photographed by Clarence Flaten 

Fie. 1. Catostomus commersonnii sucklii: U.M.M.Z. No. 132218, 127 mm. in stand- 
ard length, from the North Platte River, Carbon County, Wyoming. 

Fig. 2. Hybrid: U.M.M.Z. No. 136912, 128 mm. long, from Dry Creek, 3 miles west 
of Olathe, Montrose County, Colorado. 

Fic. 3. Pantosteus delphinus delphinus: U.M.M.Z. No. 113424, 123 mm. long, from 
Green River, at Green River, Wyoming. 
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PLATE VI 


Heads of sucker hybrids and their parental species 
Photographed by Clarence Flaten 

Fig. la. Catostomus macrocheilus: U.M.M.Z. No. 130470, 149 mm. in standard 
length, from Sucker Creek above Rockville, Malheur County, Oregon. 

Fic. 1b. Hybrid: U.M.M.Z. No. 130471, 150 mm. long, from the same collection. 

Fig. le. Catostomus syncheilus syncheilus: U.M.M.Z. No. 130469, 138 mm. long, 
from the same collection. 

Fic. 2a. Catostomus macrocheilus: U.M.M.Z. No. 98721, 202 mm. long, from Smokle 
Creek, north of Almota, Whitman County, Washington. 

Fic. 2b. Hybrid: U.M.M.Z. No. 98709, 204 mm. long, from South Fork of the 
Palouse River, Whitman County, Washington. 

Fia. 2c. Catostomus syncheilus palouseanus: U.M.M.Z. No. 98707, 178 mm. long, 
from the same collection. 

Fie. 3a. Catostomus insignis: U.M.M.Z. No. 110431, 105 mm. long, from Taylor 
Creek, Gila National Forest, New Mexico. 

Fig. 3b. Hybrid: U.M.M.Z. No. 110433, 110 mm. long, from the same collection. 

Fig. 3c. Pantosteus clarkii: U.M.M.Z. No. 124743, 111 mm. long, from Gila River 
at Cliff, Grant County, New Mexico. 
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PLATE VII 


Heads of sucker hybrids and their parental species 
Photographed by Clarence Flaten 

Fig. la. Catostomus, species: U.M.M.Z. No. 133857, 119 mm. in standard length, 
from Santa Clara River, Ventura County, California. 

Fig. 1b. Hybrid: U.M.M.Z. No. 131666, 114 mm. long, from Sespe Creek, Ventura 
County, California. 

Fig. le. Pantosteus santa-anae: U.M.M.Z. No. 131756, 115 mm. long, from North 
Branch of Warm Spring Creek, San Bernardino County, California. 

Fic. 2a. Catostomus tahoensis: U.M.M.Z. No. 124912, 114 mm. long, from Hum- 
boldt River, Elko County, Nevada. kis 

Fic. 2b. Hybrid: U.M.M.Z: No. 133688, 122 mm. long, from Little Truckee River, 
Nevada County, California. 

Fig. 2c. Pantosteus lahontan: U.M.M.Z. No. 124869, 119 mm. long, from Humboldt 
River at Irish-American Dam, Pershing County, Nevada. 

Fie. 3a. Catostomus catostomus griseus: U.M.M.Z. No. 132217, 95 mm. long, from 
North Platte River, Carbon County, Wyoming. 

Fig. 3b. Hybrid: U.M.M.Z. No. 127541, 98 mm. long, from Sweetwater River, 
Fremont County, Wyoming. 

Fie. 3c. Pantosteus jordani: U.M.M.Z. No. 127540, 99 mm. long, from the same 
collection. 
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INTRODUCTION 


Tus study is one of a series, in which an attempt is being made to analyze 
the hybridization in nature between species of fish. The aims and methods 
presented in the recent papers by Hubbs and Kuronuma (1942) and by 
Hubbs, Hubbs, and Johnson (1943) have been followed. Pertinent litera- 
ture references are included in those papers. 

Two of the three hybrid combinations described on the following pages 
are treated as intergeneric. In all three sets the parental forms are un- 
doubtedly very well-marked species, but whether any or all should be treated 
as generically distinct is a matter of taxonomic judgment. Until recently, 
in fact, both members of each parental pair now regarded as generically 
distinct were customarily referred to a single genus. Thus Chriopeops 
goodeit and Lucania parva were both classed in Lucania, and Plancterus 
kansae as well as Fundulus sciadicus were both put in Fundulus, by Jordan 
and Evermann (1896: 632-66; and 1898: 2828) and by other authors. The 
discovery of new characters, along with a different interpretation of long- 
known features, has led recent revisers of the Cyprinodontidae to treat 
Chriopeops as generically distinct from Lucania, and Plancterus as separable 
from Fundulus (Myers, 1924: 8; 1925: 370; and 1931: 10; Hubbs, 1926: 
5, 14). 

Until the specimens here discussed were discovered, we knew of no 
natural hybrids in the oviparous cyprinodonts. We had already become 
convinced that Weed (1921: 70) was in error in reporting an extensive local 
hybridization between three species of Fundulus. His remarks were as 
follows: 
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_. . Under certain conditions hybridization in nature is very common. 

The writer once found in some pools near Chesapeake Beach, Maryland, very large 
numbers of three species of Fundulus breeding in very restricted waters. Hundreds, if 
not thousands of fish were emitting spawn and milt at the same time in a space of not 
much over a hundred square feet of water a few inches deep. About half of the fish 
taken in those pools showed such intergrading characters that they could not be identified. 


It seemed inherently improbable that three species would engage in such 
promiscuous spawning, and no other natural hybrids in Fundulus were 
known. The senior writer therefore undertook to check the case. Mr. 
Weed kindly furnished the information that representative specimens had 
been left at the United States National Museum. A search there, among 
uncatalogued as well as catalogued specimens of the three species of Fundu- 
lus involved (F. diaphanus, F. majalis, and F. heteroclitus), disclosed much 
material collected by Mr. Weed near Chesapeake Beach, but failed to uncover 
a single apparent hybrid. Field collecting, in localities said by Earl D. 
Reid to be the places where Mr. Weed seined, yielded an abundance of the 
three forms just named. After due allowance was made for age and sex 
differences, every fish could be identified, as one of the three species rather 
than as a hybrid. We now report, however, one hybrid between F. 
diaphanus and F. heteroclitus. 

Incidentally, the similar mass hybridization between ‘‘Notropis hetero- 
don, Notropis cayuga, Notropis anogenus, etc.,’’ indicated by Weed (1921: 
69-70) as probably occurring in Turtle Creek, Wisconsin, and in Lake 
Ontario, failed of confirmation when the material was re-examined. The 
difficulty with the Wisconsin collection lay largely in the inclusion of a 
form, Notropis xaenocephalus richardson (Hubbs and Greene), which was 
unknown in 1921. 

Natural hybrids, however, are known to occur in the Poeciliidae, a fam- 
ily of viviparous cyprinodonts (Hubbs and Hubbs, 1932; Hubbs, 1933; and 
1936 : 245-46, Pl. 8, Fig. 4). Hybridization in this family is being subjected 
to an extensive experimental study, with results that have recently been 
summarized (Hubbs, 1940: 205-9). 

The single hybrid between Fundulus diaphanus diaphanus and Fundulus 
heteroclitus macrolepidotus was found in a large collection from Prince 
Edward Island, sent to us by M. W. Smith of the Fisheries Research Board 
of Canada. It came to light after this paper had been written. The Chrio- 
peops x Lucama hybrids were discovered by Boyd W. Walker, who made 
the counts and measurements for this combination. The specimens were 
collected in Florida by Carl L. Hubbs, Laura C. Hubbs, and Boyd W. 
Walker. The Fundulus x Plancterus cross was found by Raymond BE. 
Johnson in the course of his survey of the fish fauna of Nebraska, and he 
made the comparison between the single known hybrid specimen and the 
parental species. 

All specimens used in this study are deposited in the fish collection of 
the University of Michigan Museum of Zoology. 
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The methods of counting and measuring follow those outlined by Hubbs 
and Lagler (1941: 12-20, Figs. 2-3). As in two previous papers, by Hubbs 
and Kuronuma (1942: 291-94) and by Hubbs, Hubbs, and Johnson (1948: 
6-8), we find it very useful to compute a hybrid index, for each character 
of each specimen. This index denotes the position of the hybrid between 
the parental species, on a percentage scale in which the average value for 
the more primitive parental kind is set at 0 and that for the other form at 
100. In the present study Fundulus diaphanus is interpreted as less spe- 
cialized than Fundulus heteroclitus ; Chriopeops as more primitive than 
Lucania; Plancterus as a derivative of Fundulus. The several hybrid 
indices of all specimens are averaged for each character, and all the char- 
acter indices for each fish are averaged for each individual. A grand aver- 
age is then obtained, to indicate the relations of all the hybrids to the paren- 
tal species in all characters that were counted and measured. 

Some characters that were counted and measured have not been tabu- 
lated. The data were discarded when no significant difference between the 
parental species was indicated, or when the ranges of variation for the two 
parental species overlapped very widely and the difference between the 
hybrids and either parental type was much less than the range of variation 
for either parent. 


Fundulus diaphanus diaphanus x Fundulus heteroclitus macrolepidotus 
(Pls. I-III) 

U.M.M.Z. No. 138833: 1 adult female discovered in a large collection of Fundulus 
seined by M. W. Smith of the Fisheries Research Board of Canada on the shoals of Lake 
of Shining Waters, on Prince Edward Island, in the Gulf of St. Lawrence, on August 23, 
1939. 

Dr. Smith informs us that this is a fresh-water lake with a pH of 8.9 at 
the time and place of collecting ; water temperatures ran from 17.5° to 26.6° 
C.; emergent and submerged vegetation grew plentifully, and the shores 
were also vegetated. 

Concerning the ecology of Lake of Shining Waters and other ‘‘ponds’’ 
on Prince Edward Island in which large samples of Fundulus were taken 
in a fishery biology survey, Dr. Smith supplies further information, as fol- 
lows. All the lakes lie just behind the mouths of small streams, back of 
barriers built up above high tide level. Salt water does not spill into these 
ponds at the normal high tide, but in times of storm varying amounts of sea 
water may wash in. Records for Clark Pond indicate a variation in salinity 
from 0.7 to 22.2 parts per mille. Dalvay, Long, and Shining Waters are 
virtually fresh-water habitats, and have been found to contain only traces 
of salt water, although it is known that the latter 2 ponds have at times 
been flooded. The areas and maximum depths are: Lake of Shining Waters, 
8.1 hectares, 2.2 meters; Clark Pond, 12.1 hectares, 3.0 meters; Long Pond, 
19.8 hectares, 2.0 meters; Dalvay Pond, 22.1 hectares, 3.7 meters. Aquatic 
vegetation is plentiful in all the ponds—Sparganium and Typha along the 
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shores, and Potamogeton and Myriophyllum in extensive beds within the 
water. In the ponds other than Lake of Shining Waters the temperatures 
at the time of collecting ranged from 22.2° to 25.5° C., and the pH from 8.4 
to 9.0. All series were taken August 23, 1939. All of the collections were 
made with a seine and were entirely random in regard to the species of 
Fundulus. In fact, it was not recognized in the field that 2 species (and 
the 1 hybrid) were included. It is clear, therefore, that Pundulus 
diaphanus diaphanus was the dominant form of the genus, and very abun- 
dant, whereas the essentially salt- and brackish-water Fundulus heterochtus 
macrolepidotus was very scarce (Table I). 

The lakes of Prince Edward Island are obviously diaphanus habitats, 
into which a small number of the bay-shore form heteroclitus has wandered. 


TABLE I 


RELATIVE NUMBERS OF Hysrips, Fundulus diaphanus diaphanus x Fundulus heteroclitus 
macrolepidotus, AND OF THE PARENTAL SPECIES, IN COLLECTIONS 
FROM THE LAKES OF PRINCE EDWARD ISLAND 


Fundulus Fundulus 
Lake diaphanus Hybrids heteroclitus 
diaphanus macrolepidotus 
Lake of Shining 
Winters tee ccpeu meer ae 637 i 15 
(97.5%) (0.2%) (2.3%) 
Clark ond mene rena 2.02 ree ||) ener cence 36 
Wore ond geet 22.0.0 | ee 9 
Dalvay Pond 616°" Gi |) eee eee 
In all 4 collections .......... 3810 il 60 
(98.4%) (0.03%) (1.6%) 


The unusually robust form of the males in these collections of Fundulus 
diaphanus diaphanus* suggested to Dr. Smith that there might have been 
some hybridization in the Prince Edward Island lakes between F’. diaphanus 
and I. heteroclitus. We were unable to verify the suspicion that this char- 
acter was due to hybridization, but on carefully examining the 4 large 
series we did locate the 1 hybrid. Its status can hardly be open to ques- 
tion, for it is thoroughly different from and definitely intermediate between 
the 2 assumed parental species. No other cyprinodont ranges into the 
Maritime Provinees. 

This single hybrid specimen is intermediate in color tone, coloration, 
general body form, and proportions; in the gillraker, scale, and fin-ray 
numbers; and in certain superficial structures. The characters subjected 
to statistical treatment bring out precisely the intermediacy of the hybrid 
(Table II). The grand average hybrid index for the characters analyzed 
in Table IT is 50, indicating that in these respects the hybrid is on the aver- 
age exactly intermediate between the parental Species. 


1 The subspecific characters of Fundulus diaphanus diaphanus have been stated by 
Hubbs and Lagler (1941: 67). 
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In all the proportionate measurements the values for the hybrid le 
between those for the parental types. ‘There is no overlap for 11 items 
(body and caudal peduncle depths, predorsal and prepelvic lengths, height 
of anal sheath, head depth and width, interorbital and mouth widths, 
diameter of nonimbricated Scale, and 1 of the pore measurements). The 
position of the dorsal fin (Pl. 1) is a particularly obvious character of the 
hybrid: when measured forward the distance from the caudal base to the 
origin of the dorsal fin extends to the posterior part of the eye in F. d. 
diaphanus (to the posterior margin of the orbit in 1), to just behind the 
eye in the hybrid, and to about the middle of the opercle in F. heteroclitus 
macrolepidotus. The hybrid value is also intermediate, but shows a slight 
overlap on the measurements of one or both parental species, in 6 characters 
(length of depressed dorsal fin, of snout, and of orbit, upper lip width, and 
2 of the pore measurements). The character index based on the 3 pore 
measurements (Pl. IIT), however, intervenes, with a wide gap on either 
side. The pattern formed by the canals and pores on the top of the head 
is one of the clearly intermediate characters. The ratio of the head depth 
to orbit length in the hybrid is distinctive, without overlap. The angle 
between the head contours barely overlaps the values for F. d. diaphanus. 
The displacement index, measuring the obviously different relative bulks 
of the bodies (all eviscerated), is interpolated between the ranges for the 
parental species, without overlap, though diaphanus is approached more 
closely than is heteroclitus in this respect. 

The intermediacy of the hybrid is confirmed by the gillraker, scale, and 
ray counts. The raker counts are 5 to 7, usually 6 for diaphanus, 8 for the 
hybrid, and 9 to 12 for heteroclitus. The number of transverse rows from 
the upper end of the gill slit to the base of the caudal fin is particularly 
distinctive in the hybrid; 41 as contrasted with 34 to 36 for the local stocks 
of heteroclitus and 44 to 51 for the Prince Edward Island diaphanus. The 
caudal ray count (branched rays plus 2) is also consistently intermediate 
in the hybrid. Some overlap is shown by the other scale and ray counts. 

The hybrid origin of the specimen under discussion is further confirmed 
by a peculiar pigmentary character. Over the entire exposed surface of 
the scales on the top of the head there are developed, in the F’. d. diaphanus 
specimens, numerous minute, seemingly melanotic tubercles. These come 
into clear view when the surface of the head is quickly desiccated, as by a 
jet of compressed air. Under this treatment the ordinary melanophores, 
lying deeper in the skin, become scarcely apparent (Plate III shows the 
melanophores and hence does not bring out the tiny, black, superficial swell- 
ings). In the examples of F. heteroclitus macrolepidotus these melanotic 
(2) structures are barely evident, and are confined to the periphery of the 
scale. In the hybrid they are rather well developed, but are less prominent 
than in the diaphanus material. 
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In general color tone (Pls. I and IT) the hybrid is darker than the F. d. 
diaphanus associates, but lighter than the F. heteroclitus macrolepidotus. 
As a consequence the lateral dark bars (Pl. I) and the more or less crosswise 
blotching of the predorsal region (Pl. II) are of intermediate sharpness. 
In these features of coloration, however, there is an essential agreement with 
F. d. diaphanus. In the faint spotting of the sides, however, the approach 
is closer to the heteroclitus parental form. The blackish streak on the lower 
edge of the caudal peduncle in the hybrid is narrower than in F. d. diaphanus 
but broader than in F. h. macrolepidotus. 

We regard this specimen as a very obvious hybrid, and as very con- 
sistently intermediate between its parental species. 


Chriopeops goodei x Lucama parva 


(Pls. IV-VI) 


Field No. H41-12: 1 adult male (No. 1) found in a collection that was made in a 
shallow, diked lake and a small tributary stream, on the St. Marks Migratory Bird Refuge, 
just west of the Refuge fire tower, in Section 31 of Town 48., Range 2 E. The water here 
was fresh and rather clear, but brown-stained and with an organic taste. The bottom was 
of sand, with a little muck. Naias marina formed dense growths. 

Field No. H41-15: 2 adult males (Nos. 2-3) obtained in a strongly brackish pond 
(open to the Gulf at very high tides), just east of the St. Marks Lighthouse, in Section 31 
of Town 5 8., Range 1 E. The water was brown-stained, the bottom of muck and sand. 
The fish were seined out of reed beds filled with slimy algae. 

Field No. H41-16: 1 adult female, collected along the shore of the Gulf of Mexico 
near the St. Marks Lighthouse, in Section 1 of Town 5 S8., Range 1 W., close to the outlet 
of the brackish pond where collection H41-15 was made. Here the water was of almost 
normal Gulf salinity and moderately clear. The bottom was of soft to firm sand, with a 
slight growth of algae. 

TABLE III 
RELATIVE NUMBERS OF HyBriDs, Chriopeops goodei x Lucania parva, AND OF THE PARENTAL 


SPECIES, IN COLLECTIONS FROM THE ST. MARKS MIGRATORY 
BirD REFUGE, FLORIDA 


Chriopeops goodet Hybrids Lucania parva 
Specimens in collection 
number 
H41-12 13 1 (male) 296 
TAIT Rec eccitiac | 9 lee Ll iameene el 
TIGA s ee eaten c|)) ye) oe) en ee 415 
H41-15 18 2 (males) 344 
PIA Ga eecr csr | 0 Meet 1 (female) 194 
In collections containing 
hy DT1ds geen ae ee 31 4 834 
(3.6%) (0.5%) (96.0%) 
imnvallvorcollections\ i. ...8 31 4 1250 
(2.4%) (0.8%) ~ (97.3%) 


These 3 collections, and 2 others, were made on April 7, 1941, on the St. 
Marks Migratory Bird Refuge of the Fish and Wildlife Service, with the 
consent and aid of Donald V. Gray, Refuge Keeper. The Refuge is on the 
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Gulf Coast in Wakulla County, western Florida. The area was formerly 
a salt marsh, but now most of the pond water is fresh because dikes have 
been built to keep out the sea water. 

These hybrids occurred in company with an abundance of Lucania parva 
but with only a sparse population of Chriopeops goodei (Table III). The 
relative numbers for Lucania as given in the table are almost surely not 
higher, perhaps lower, than the true value for the population at the time of 
collection. Time did not permit picking all of the common species out of 
the net. The collections, however, were roughly random ones. The hybrids 
were not recognized in the field. 

Except for Blue Springs near Marianna, farther inland, the St. Marks 
region is the westernmost locality from which we have collected Chriopeops. 
The 2 species have been taken together in the peninsular part of Florida, 
but an examination of the material fails to locate a single additional hybrid 
specimen. The hybrids were collected near the ecological as well as the 
geographical limit for Chriopeops, which is a more strictly fresh-water genus 
than Lucama. 

When the collections listed above were sorted, the 4 Chriopeops x Lucania 
hybrids were separated readily from the specimens of the parental species. 
The features that first attracted attention lay in the distinctively inter- 
mediate coloration. How perfectly the pigmentary features of the hybrids 
interpose between those of the parental species is brought out by the illustra- 
tions (Pls. I[V-VI) and by the following comparisons. 

LATERAL DARK BAND ON BoDY.—In Chriopeops the intense band is com- 
posed of large expanded melanophores so closely placed that their processes 
overlap. On the anterior two-thirds of the body this evenly colored band 
is confined to the lower one-half to two-thirds of the axial scale row. As the 
scale row immediately below is usually almost free of melanophores except 
at the borders, the lower edge of the band is serrate, whereas the upper 
border is an even line. On the caudal peduncle the band covers the lower 
three-fourths of the axial scale row and also darkens the upper third of the 
scale row beneath, producing here a smooth border on both edges. The 
borders of the lower two-thirds of the scale pockets of the axial row are 
almost jet-black—very much more heavily pigmented than is the rest of 
the body. 

In Lucania the very faint band is composed of only a few small melano- 
phores, scattered over the middle part of the scales of the axial row, so as 
to produce a stippled appearance, but leaving the upper and lower ends of 
each scale more or less free of pigment. The melanophores approach a 
linear arrangement. The borders of these scale pockets are very slightly 
blackened, or no more heavily pigmented than is the rest of the body. 

In the hybrids the band is of intermediate intensity, and the large me- 
lanophores which compose it are more sparingly placed than in Chriopeops, 
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so that their processes are usually not in contact. As in Chriopeops the 
upper border of the band leaves the dorsal third of the scale light, but a few 
melanophores are developed here in the hybrids. The lower fifth of each 
axial scale pocket is either free of melanophores or much less densely stippled 
than elsewhere. On the caudal peduncle the melanophores of the band are 
mostly limited to the median half of each pocket, with a few scattered on the 
lower part of the pocket and on the upper fourth of the pocket below (as in 
Chriopeops). Anteriorly, the lower edge of the band shows a trace of the 
serration seen in Chriopeops. On the posterior part of the band the melano- 
phores tend to be arranged in approximately linear rows. The borders of 
the axial scale pockets, especially on the dividing lines, are much more boldly 
blackened than in Lucania but less so than in Chriopeops. 

Caupau spor.—In Chriopeops an intensification of melanophores on the 
scale pockets of the caudal base produces a jet-black spot, which varies con- 
siderably in size: its width may be slightly less than the height of 1 scale, or 
equal to the height of 2 scales. The spot extends from the end of the hypural 
plate to about the end of the scaly area on the base of the caudal. It is most 
intense in its anterior half; the pigmentation becomes more or less diffuse 
posteriorly. 

In Lucania the lateral band ends at the hypural plate, and the scale 
pockets on the base of the caudal are entirely devoid of pigment except on 
their borders. 

In the hybrids the intermediate lateral band extends to the end of the 
scaly sheath at the base of the caudal, widening posteriorly to the hypural 
plate. In 2 specimens there is an intensification of pigment on the first scale 
pocket behind the hypural, but in the other 2 the pigmentation here about 
equals that on the rest of the band. 

BAND ON OPERCLE.—In Chriopeops the dark lateral band continues nearly 
straight forward to the orbit. Across the opercle it maintains the same in- 
tensity and width as on the body. Between the preopercle and the orbit the 
pigmentation becomes less intense and the melanophores are smaller. 

In Lucania the very indistinct band continues forward on the opercle, 
bending down to meet the middle of the eye. 

In the hybrids the band is of intermediate intensity and bends down 
slightly to meet the eye, but less so than in Lucania. On the opercle the 
intensity of the pigment is slightly greater than on the body band, but this 
region is less blackened than it is in Chriopeops. 

BAND AROUND MUZZLE.—In Chriopeops deep-lying pigment produces a 
band which extends forward from the eye and around the chin, but is not 
developed on the lips. This mark is about as wide as the pupil. Overlying 
the band there is a scattering of small melanophores which extend beyond 
the dorsal edge of the stripe, but rarely occur below its ventral edge. 

In Lucania a few deep-set melanophores form a suggestion of a stripe 
from the eye to the mouth, but there is no trace of a band on the chin. Small 
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superficial melanophores cover the same area between the eye and the mouth, 
but on the chin extend downward and backward to form a shaded area about 
twice as wide as the band on the mandible of Chriopeops. 

In the hybrids the deep-lying band of pigment is situated as in Chrio- 
peops, but is less intense. The overlying melanophores are fewer than in 
Lucama; they extend below the band, but not so far downward and back- 
ward as in that genus. 

PREDORSAL STRIPE (Pl. VI)—In Chriopeops there is no trace of a pre- 
dorsal stripe; the scales along the middorsal line resemble the adjoining 
ones in pigmentation. In Lucania a definite predorsal stripe extends from 
the origin of the dorsal fin to the occiput. In the hybrids a predorsal stripe 
occurs, but it is neither so wide nor so intense as it is in Lucania. 

LIGHT STRIPE ABOVE LATERAL BAND.—In Chriopeops a light band 2 scale 
rows high lies just over the dark lateral band. In the light zone the out- 
lines of the scale pockets are more narrowly pigmented than elsewhere, and 
the melanophores over the pockets are much sparser than on the scales above 
and below. In Lucania the scale pockets are evenly pigmented above the 
faint lateral band. In the hybrids the light band is apparent and follows 
the pattern of Chriopeops, but is not so sharply delineated as in that genus. 

DARK BAND ALONG ANAL BASE—In Chriopeops an intense band of black 
pigment extends from just above the anus to the base of the caudal fin, skirt- 
ing the anal base and following the mid-ventral line of the caudal peduncle. 
It is composed of deep-lying expanded melanophores, so closely placed that 
their processes are usually in contact. The bands are about one-half a scale 
row wide on the sides of the anal fin, and join back of the fin to cover the 
mid-line row of scales and the lower portions of adjacent scale pockets. In 
the mid-line between the anal and caudal fins there is also a conspicuous row 
of small melanophores, closely spaced in a single file. The borders of the 
band are relatively definite in the anterior portion, but become less well- 
defined on the caudal peduncle. 

In Lucania there is no trace of a band along the anus and anal fin, but 
from the anal fin to the base of the caudal there is a row of small deep-lying 
melanophores, as in Chriopeops. 

In the hybrids the bands are present, but the melanophores are more 
widely separated than in Chriopeops, so that their processes usually do not 
touch. The width of the band between the anal and caudal fins is about 
one-half to three-fourths the width of the median line of scales. 

PIGMENTATION OF SCALE BORDERS BELOW AXIAL Row.—In Chriopeops the 
pockets of the scale rows below the axial series tend to be weakly outlined by 
melanophores. The lower half of the first row below has a more or less 
well-defined edging of small or large melanophores. The second series below 
has the margins of the pockets poorly set off by small melanophores, or not 
at all pigmented, and the third row below is not outlined. 
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In Lucania the margins of the scale pockets below the lateral band are 
well defined. The first row beneath the axial one is sharply delineated by 2 
or more marginal rows of large melanophores. The second series is always 
outlined by at least 1 row of large black color cells. The third row below is 
usually set off by a single file of well-developed melanophores, but in some 
specimens these are lacking. The fourth row is either poorly outlined or 
unpigmented. 

In the hybrids the first row below the axial series has the scale pockets 
sharply delineated by 1 or 2 rows of large melanophores. This margining is 
more marked than in Chriopeops, but is weaker than in Lucania. The scale- 
pocket edgings on the second scale series below are weakly defined, and the 
third row is unpigmented. 

SCALES ON TOP OF HEAD (Pl. VI).—In Chriopeops the scales on the top 
of the head are evenly pigmented, so that the borders are not sharply de- 
lineated. In Lucania the melanophores are concentrated toward the borders 
of these scales and tend to leave a light area in the center, so that the outlines 
stand out sharply. In the hybrids the melanophores are concentrated toward 
the scale borders, but the clear central area is less depigmented than in 
Lucama. The appearance is therefore intermediate. 

INTERNARIAL PIGMENT spot (Pl. VI).—In Chriopeops there is a roughly 
triangular spot of deep-lying melanophores just in front of each posterior 
nostril. The base of the triangle lies between the posterior nostril and the 
posterior nasal pore of the lateral line system, and the apex lies between the 
anterior nostril and the anterior nasal pore. The melanophores are large, 
and their processes are in contact. In Lucania this spot is indistinct and 
contains only a few widely separated melanophores. In the hybrids it is 
well defined, but the melanophores are more widely spaced than they are in 
Chriopeops. Again the appearance is intermediate. 

PIGMENT BELOW EYE.—In Chriopeops the cheek below the eye is either 
wholly unpigmented, or, in some males, bears a few small scattered melano- 
phores. There is almost no tendency for a concentration of pigment along 
the lower border of the orbit. 

In Lucania this region is rather well covered with large melanophores 
which tend to form a subocular bar, and posteriorly to line the scale pockets. 
There is always a concentration of pigment along the lower orbital border. 
In the young, in females, and in salt water there is a tendency for this pig- 
mentation to be weaker. 

In the hybrids there iy more pigment below the eye than in Chriopeops 
but less than in Lucania. Most of the melanophores that do occur in this 
area are located along the lower border of the orbit. 

PIGMENTATION ON BASE OF PECTORAL FIN.—In Chriopeops the pectoral base 
is either unpigmented or bears only a few small seattered melanophores. In 
Lucania there are several to many, generally large melanophores; usually 
enough to darken this area. Dorsally, some of these black pigment cells often 
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line the scale pockets. In the hybrids the pectoral base has a few rather 
small melanophores sometimes tending to form borders on the scale pockets. 

PIGMENTATION OF EYE.—In Chriopeops the whole upper three-fourths of 
the eye is darkened, with more or less intensification in line with the lateral 
band. Ventrally, the dark color occurs next to the pupil, leaving a silvery 
crescent around the lower border of the eye (including the area where the 
eye of Lucania is crossed by a dark bar). 

In Lucania the most prominent mark is a broad blackish bar, rarely 
indistinct, which extends across the cornea downward and slightly forward 
from the pupil. There is a similar but weaker band running upward and 
backward from the pupil and usually another, narrower one, extending 
upward and forward from the pupil. Hither one or the other of the dorsal 
bands may be weak, and they may be scarcely evident when the whole upper 
part of the cornea is darkened. Commonly, there is a tendency for a silvery 
ring to form around the inner rim of the cornea. The area between the 
ventral and the posterolateral corneal bars is silvery; this silvery area may 
extend to the pupil, or may be separated from it by dark pigmentation. 

The hybrids tend to combine the color markings of the parental species. 
Almost the entire cornea is blackish, becoming silvery posteroventrally. This 
silvery crescent is intermediate in position. The ventral dark bar of Lucania 
is rather poorly developed and hardly distinct from the dark area on either 
side of it; furthermore, the silvery area tends to extend into or below the 
position of the ventral bar. The whole upper part of the eye is so dark that 
only bare traces can be seen of the 2 upper dark bars of Lucania, and these 
dark bars if developed seem to be fused with the posterior and anterior 
darkened areas that form part of the lateral band in Chriopeops. There isa 
dark area on the cornea around the entire pupil, with a tendency for a 
silvery ring to form at the extreme pupillary margin. 

PIGMENTATION OF DORSAL FIN IN MALES.—In Chriopeops the basal one- 
third to one-half of each interradial membrane is jet-black. Rays 1, 2, and 3 
are overlain with melanophores in this basal area, but the other rays are 
relatively free of melanin. The border of the fin is diffusely pigmented on 
the interradial membranes; this color becomes intensified to black at the 
extreme margin. 

In Lucania a jet-black blotch is located on the basal one-half of the front 
part of the dorsal fin, from the first to the third ray. This prominent mark 
covers the rays as well as the membranes. Distally, the pigmentation be- 
comes somewhat less dense and is confined to the interradial membranes. 
The pattern of the rest of the fin is much like that of Chriopeops, except in 
that the subbasal area is dusky instead of jet-black, and the black border is 
less intense. 

In the hybrids there is a blotch on the front of the dorsal fin, as In 
Lucania, but this mark is continued backward on the interradial membrane 
between the third and fourth rays. In the intensity of pigment over the rest 
of the fin the hybrids are intermediate between Chriopeops and Lucania. 
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PIGMENTATION OF ANAL FIN IN MALES.—In Chriopeops the basal one-third 
of the interradial membranes behind ray 4 varies from dusky to jet-black; 
this part of the membrane between rays 1 and 38 carries no pigment, and 
between rays 3 and 4 the membrane is lightly pigmented. There is a narrow 
black band on the border of the fin, but between the 2 dark areas the mem- 
branes are unpigmented. 

In Lucania melanophores are very sparsely distributed over all the 
membranes, except on the basal portions between rays 1 and 3. There is a 
black band on the border as in Chriopeops. 

In the hybrids the situation is the same as in Chriopeops, except that the 
dark basal areas are much less deeply and more sparsely pigmented than in 
all except a few specimens of Chriopeops. 

PIGMENTED BORDER ON THE CAUDAL FIN OF MALES.—In Chriopeops there is 
no trace of a pigmented border on the end of the caudal fin. In Lucama, 
however, the caudal has a diffusely pigmented dark border, which is com- 
posed of small scattered melanophores on the membranes and rays, and 
which covers approximately the posterior one-third of the fin. In the hybrids 
this band is developed rather weakly in one male, very slightly in another, 
and not at all in the third. 

COLOR ON CAUDAL FIN OF MALES.—In life there is a red blotch on the basal 
part of each caudal lobe in Chriopeops. Lucania lacks these blotches. One 
of the male hybrids showed a trace of these red marks, despite the fading 
due to preservation for some weeks in alcohol. ; 

OTHER CHARACTERS IN THE Chriopeops x Lucania cross.—In Chriopeops 
the upper and lower corners of the caudal fin are more broadly rounded than 
they are in Lucania, but the posterior edge is more abruptly truncate. In 
Lucama the posterior border of this fin forms a more regular are. The 
hybrids are again intermediate (Pls. IV-V). 

In Chriopeops the muzzle is slenderer than in Lucania, and the mandible 
is less massive and less prominent. In this respect, as in others, the hybrids 
are less extreme than is either parental species (Pls. IV-V). 

Perhaps the most interesting character in which the hybrids are inter- 
mediate is the dentition. As its chief known generic criterion, Chriopeops has 
a regular inner row of small teeth, in addition to an outer file of large, strong 
teeth. In Lucania the teeth are strictly uniserial. The hybrids show, be- 
hind the main row, a few very small teeth obviously representing the inner 
row of Chriopeops. This is hardly the expected arrangement for a species, 
and is a very strong indication of hybridization. 

The local race of Chriopeops goodei involved in the hybridization under 
study is a much slenderer fish than the type of Lucania in the same region 
(in some localities the local type of Chriopeops is as robust as the associated 
Lucama). The intermediacy of the hybrid in the depth of the body and of 
the caudal peduncle is brought out in Table IV. A similar situation applies 
to certain other proportions, as indicated in this table and in Plates IV_VI. 


TABLE IV 
COMPARISON OF THE Chriopeops x Lucania HYBRIDS WITH THE PARENTAL SPECIES 


Chriopeops goodei (P;) Hybrids Lucania parva (Ps) Hybrid Index 
Difference PeriGont 
(12 Males, 3-8 Females) * Males (15 Males, 10 Females) Between | piterencet sap 
Female Averages |_________________________| Hemale | Average 
Range (Average) No.1 | No. 2 | No.3 | Average Range (Average) No.1 | No. 2 | No.3 
| 
Standard length,t mm. ....Males 25.4-31.6 (27.9) 24.9 28.0 28.7 (27.2) ee 25.6-29.8 (27.5) 04 - | -o el ES See er ee 
Females B07=SS. 082-0). SS | em oo, S 33.5 * 30.5-33.1 (32.3) 03 | seh Sh ee ee ee ee 
a ~1000§ ...........-Males 206-237 (222) 253 246 244 (248) ae 241-282 (261) 39 18 79 56 ae ee ee 
8.L. Females TS DO0L( ISAT vA Ik ons eee ne |) ea Ge a 248 250-297 (275) 91 49g Al eo Sats ee “} oe 
Thousandths of standard length 
Body depth ...................Males 197-240 (219) 237 257 251 (248). ee 255-303 (285) 66 30 51 58 AS COM Seat 
Females 195-222 (212) Nh ees eas i 236 278-306 (289) 77 36 FE Hi eit tl ee = he Cag 31 : a7 
Caudal peduncle 
depth nun Males 117-138 (130) 141 150 146 (146) | ee 154-177 (165) 35 27 31 57 469 ely cote 
Females ROOMTTAN TID Hoe ea | ee aes 131 152-174 (164) 53 eet Ba ace hy. 3. 38 ; a3 
Head length 0.0.0.0. Males 284-297 (289) 301 300 303 (301) |» cae 298-335 (312) 23 8 52 48 Gi al) ee 
Females 260-289 (273) ince TY Yaak | a vi, 278 280-296 (289) 16 Go BP ec ane ee ee 31 \ = 
Head width .0.0..........Males 136-154 (144) PY 57 161 157 (158), 90a ee 160-180 (169) 25 17 52 68 525 ee 
Females 139-146 (142) ; ee || Rae 146 151-168 (155) 13 9 se le pecan 31 \ 51 
Bye length ...n..Males 88-98 (92) 100 96 96 (97): - [hae 96-109 (102) 10 11 80 40 AOE) ee 
Females 75-86 950 apne a 1 5 UG es | oo 89 97-105 (101) 19 b8 yar Uta eet ne 37} a 
Pelvic fin length .......... Males 150-173 (162) 149 146 160 (152). | oe 127-164 (146) 16 10 81 100 13° eee 
Females 118-137 (126) | (ia ot ne oo 131 137-157 (146) 20 180s Si te tas |) eee ae 25 i 55 
Pectoral fin length ...... Males 172-181 (176) 197 186 192 (198) | ae 191-213 (202) 26 15 81 39 88.79) eee 
Females 156-171 (161), ool Bake ch Ee) ee cm 176 177-206 (195) 34 DT amag TW eas | an eee 44 ; oe 
Counts ‘ 
DiSraalara yee stb uae ispchwats 9-12 (10.25) 12 11 11 (11.25) || it 11-13 (11.36) 1.11 11 158 68 68 68 90 
Pectoral rays (both fins)... 23-27 (24.50) 26 26 26 (26.0) 26 24-30 (26.88) 2.38 10 63 63 63 63 63 
Scales, head to caudal ...... 29-30 (29.55) 28 28 28 (28.0) 28 25-27 (26.24) Bell 11 47 47 47 47 47 
Seales, around body] nc... 18-20 (19.65) 20 22 20 (20.5) 20 20-23 (21.96) 2.31 12 15 102 15 15 37 
Averages (measurements) 35 22 63 58 50 38 52 
Averages (COUNTS) nee 2.28 iL 71 70 48 48 59 
Granditaverages nance il || ene ed 66 62 49 42 55 


*3 females measured, 8 counted. 

t As compared with the figure for Chriopeops goodet. : 

t Specimens of parental species were selected to match the hybrids in size (for the measurements). 

§ Relation between total length and standard length. 

|| Averages for counts apply to both sexes. : i ; igi 

{ Counted from first scale in front of dorsal downward and forward to mid-line of belly, then upward and backward to the point of origin. 
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The interjacency of the hybrids between the local stocks of the parental 
species is also indicated by the counts of dorsal and pectoral rays and of 
scales (Table IV), despite the fact that the meristic differences between the 
parents are slight. The average hybrid index for the measurements is 52, 
for the counts, 59, for both measurements and counts, 55—a deviation of 
only 10 per cent from an indication of exact intermediacy. 

When all this cumulative evidence is considered, it can hardly be ques- 
tioned that Chriopeops goodei and Lucania parva occasionally hybridize, to 
produce offspring that are wonderfully intermediate between the parental 
species. 


Fundulus sciadicus x Plancterus kansae 


U.M.M.Z. No. 135141: 1 half-grown fish, collected by Raymond E. Johnson and Paul 
Romberg in the South Platte River, 2 miles northeast of the Colorado state line, in Deuel 
County, Nebraska, on July 21, 1940. 

TABLE V 


RELATIVE NUMBERS Or HYBRIDS, Fundulus sciadicus x Plancterus kansae, AND 
OF THE PARENTAL SPECIES 


Specimens from the Platte Rivers Fundulus Heybridge Placterus 

(Excluding Tributaries) sciadicus yee kansae 

Specimens in random collection No. 266 4 1 554 
(0.7%) (0.2%) (99.1%) 

In collections (some not random) con- 

bein Ot SPECIES cecmn.eeesccec een ta 291 i 769 
(27.4%) (0.1%) (72.5%) 

In all Platte River collections ..........-.ecccccn 301 a 1501 
(16.7%) (0.1%): (83.3%) 


When this hybrid was collected the South Platte River was reduced to a 
series of isolated pools in a broad, coarse-gravelled bed. Each pool was 
about 20 feet in diameter and 2 feet deep, with a bottom of fine sand and 
soft muck. There was a slight current caused by a subsurface flow between 
the pools. The relative coolness of the water (76° F.) was due in part to 
that factor and in part to the deep shade furnished by a very thick mat of 
Spirogyra and by cottonwood and willow trees growing on the higher gravel 
ridges in the stream course. 

An attempt was made to seine and preserve in formalin every fish present 
in 1 pool. In addition to the 1 hybrid, 23.4 mm. in standard length, 
there were obtained 4 examples of Fundulus sciadicus 20 to 29 mm. long, 
554 specimens of Plancterus kansae 16 to 61 mm. long, 4 thriving young of 
Pimephales promelas promelas, and 2 emaciated adults of N otropis dorsalis: 
dorsalis x piptolepis. In Nebraska Fundulus sciadicus occurs mainly north 
of the Platte River and Plancterus kansae south of that river. The 2 
genera meet and occur together only in the North and South Platte rivers 
proper. Fundulus sciadicus was very seldom found in abundance at any 
point in those streams, and was greatly outnumbered by Plancterus kansae 
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at most places where the 2 species were seined together. A careful check of 
all the Platte River material failed to uncover another hybrid. 

The systematic and nomenclatorial status of these cyprinodonts, the only 
species of the family known from Nebraska, has been treated by Hubbs 
(1926: 10-11, 15). 

Despite its small size the peculiar cyprinodont specimen from the Platte 
River displays characters by which it is readily diagnosed as an interspecific 
hybrid. Attention was first attracted to this fish when it was seen to combine 
the vertical bars of Plancterus kansae with the rather uniform brassy to 
reddish olive undertone, overlain with minute brownish flecks, of Fundulus 
sciadicus. Plancterus kansae contrasts sharply with Pundulus sciadicus in 
being greenish above, yellowish on the sides, and almost white below. Its 
sides are crossed by 12 to 18 prominent vertical dark bars, extending from 
the head to the caudal fin. The Plains species of Fundulus never has a trace 
of these cross bars. The hybrid shows 8 to 10 of the cross bands, almost 
hidden by the uniform dark undertone. 

A closer scrutiny of the pigment disclosed other, equally distinctive 
features of the parental species, which are blended in the hybrid. In 
Fundulus sciadicus small melanophores are very evenly dusted over the 
dorsal and lateral scales and form a pattern of fine pepper marks around the 
front of the muzzle. In Plancterus kansae the melanophores are larger. 
Those on the back and upper sides are loosely clumped into pigment spots 
that tend to be concentrated on the posterior field of each dorsal and lateral 
scale, leaving the intervening spaces clear. Around the muzzle the melano- 
phores are larger and less densely spaced. In these characters the hybrid 
is intermediate, possibly favoring the Plancterus parent in the pigmentation 
of the dorsal scales. The Pundulus displays a prominent middorsal dusky 
stripe, which extends with uniform intensity from the occiput to the dorsal 
fin. In Plancterus the predorsal stripe is restricted to a distinct black 
diamond-shaped spot just in advance of the origin of the dorsal. The 
hybrid possesses a diamond-shaped mark at the same point, but this spot 
is elongated into a stripe extending halfway to the occiput. 

The Fundulus has very little pigment on the interradial membranes of 
the pectoral fin. Only a few minute flecks show faintly near the fin margin, 
but elongated melanophores in 1 series form a sharp, black outline along 
the full length of the upper and lower border of each ray. In Plancterus, 
on the other hand, the pigment cells are scattered widely over the mem- 
branes and do not form a definite border along the sides of the rays. The 
hybrid resembles the Fundulus parent in having each pectoral ray outlined 
with black, but the pigmentation is very weak and in places the outline is 
broken. 

In view of the wide differences between the presumed parental species 
in the number of scales and fin rays, the supposition that the aberrant 
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species is a hybrid was tested by counting the meristic features. Four ray 
counts and 4 seale counts were taken on the hybrid and on 15 specimens of 
each parental species. As was expected the counts proved to be almost 
exactly intermediate (Table VI, lower part). Each value for the hybrid 
intervened between the corresponding counts for the parental species, when 
the figures were widely divergent, and agreed with the adjacent extreme 
count of the one or the other type, when the ranges for the parents were 
barely separated. 

Since all of the scale enumerations and all of the fin counts except the 
caudal ray number were found to be definitely higher in the Plancterus than 
in the Fundulus, it is obvious that the distinction between the species can be 
emphasized by a character index: the number of caudal rays subtracted from 
the sum of all 7 other counts for each individual. A gap of 97 points 
Separates the index values for the 2 species, and the figure for the hybrid 
lies nearly midway between: 


Character index for scale and ray counts: 


PUNGUUS SCUDQICUS ooccccsccscccecsinsenscian 127 to 141 (average, 132) 
JER AQENOY co-cuntuteeercretirds ceeie Heat he oP ra Ree OI SO Oa or 173 
PUANCCCTUS HANSAE ceececneinninnnn 221 to 241 (average, 229) 


The hybrid index for this character index is 42. 

Similar intermediacy is also shown for the critical measurements (Table 
VI, upper part). In several proportions the approach is greater toward the 
Plancterus than toward the Fundulus parent. The average hybrid index of 
62 for the measurements, however, very strongly confirms the identification 
of the specimen as a hybrid. The grand average hybrid index of 55, for all 
counts and measurements, is only 10 per cent higher than the value of exact 
intermediacy, and happens to be identical with the similar value obtained for 
the Chriopeops x Lucania crosses. 

The position of the dorsal fin is brought out not only by the proportionate 
measurement of predorsal length (Table VI) but also by the relation of the 
dorsal to the anal fin. In Fundulus sciadicus the front end of the dorsal fin 
lies distinetly behind the origin of the anal fin. Plancterus has the insertion 
of the dorsal fin ahead of the anal origin. In the intermediate hybrid the 
origins of the 2 fins are on about the same vertical. 

The caudal fin of the hybrid shows an intermediate feature in the curva- 
ture of the posterior border, which is neither as rounded as in the Fundulus 
nor so truncate as in Plancterus. Probably because of its youth or its 
condition of preservation, the hybrid does not display interjacency in the 
degree of fanning out of the caudal fin (which is greater in the Fundulus 
than in the Plancterus). 

The hybrid also intervenes between the parental forms in the position 
and structure of the pelvic fins. In this respect the 2 species are quite 
distinct. In the Fundulus the pelvics are inserted very close together and — 
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are conjoined at their bases by a large sheath of skin. The Plancterus 
pelvies are separated by a distance almost as great as the width of the base 
of either fin, and no dermal fold binds their proximal halves together. 

The gill-rakers also proclaim the specimen to be a hybrid. In Fundulus 
sciadicus these structures are short and on the lower part of the arch be- 
come rudimentary tubercles. Even anteriorly Plancterus has long, slender, 
and curved rakers. In the hybrid they are rather long, but on the lower 
part of the arch are definitely shorter, almost knoblike. 


k TABLE VI 
COMPARISON OF THE Fundulus x Plancterus HYBRID WITH THE PARENTAL SPECIES 


Fundulus g Plancterus 
sctadicus Ea. kansae 
(10 Measured, ; (10 Measured, 
15 Counted) Propor- | typrid || 15 Counted) 
tions and Tad a 
Range Gounte ndex Range 
(Average) (Average) 
Standard length, mm.® ................ 20.1—29.1 (24.5) DBAD aes 22.0-24.1 (23.1) 
Thousandths of standard length 
Predorsal length 0... 670-700 (688) 674 21 590-643 (622) 
BOCK GEOWO sccwormuaemsanone 231-261 (250) 218 68 195-213 (203) 
Caudal peduncle depth. ..... 149-168 (158) 128 68 109-123 (114) 
TBIGAG! CEU cancramuncemeroe 189-203 (196) 184 86 177-188 (182) 
Snout length . 97-107 (103) 107 80 100-111 (108) 
Eye length 75-94 (87) 81 50 70-77 (75) 
Anal fin, depressed length | 219-258 (237) 222 58 204-230 (211) 
Counts 
Monsalier ay sien eeee te 9-10) (© 92) 12 51 14-16 (14.8) 
PATINA YS erento ek ene cee 11—12' (11.5) 13 68 13-15 (13.7) 
Principal caudal rays ........ 16-19 (17.9) 16 49 13-15 (14.0) 
HROCL Ora LEAs memset 14-15 (14.2) 15 40 16-17 (16.2) 
Scales, lateral line ...... 33-40 (35.9) 47 39 59-69 (64.5) 
Seales, around bodyt 30-386 (382.6) 43 38 57-66 (60.3) 
Seales, around peduncle ..... 18-21 (19.8) 25 51 28-33 (30.0) 
Scales, predorsal occu 21-25 (23.1) 30 64 36-43 (39.9) 
Average hybrid index, measurements .......cccccccnen 62 
COUIMES ee can 


Gram diavera sere eee meter 


* Specimens of the parental species were selected to match the hybrid in size. 

+ Counted vertically around body just in front of the pelvic fins, in a zigzag line. 

The hybrid is interposed between Fundulus and Plancterus in at least 
one of the generic differences (Hubbs, 1926: 14). In Fundulus the gill- 
opening is free to the angle of the opercle, and the slit therefore extends far 
above the upper end of the pectoral base. In Plancterus the upper part of 
the opercle is bound down to the shoulder girdle, so that the slit extends 
upward only to about opposite the uppermost pectoral ray. The hybrid is 
nicely intermediate. The other assigned generic differences (length and 
convolution of the intestine, and the strength and shape of the pharyngeal 
teeth) were not investigated, because of the small size of the one hybrid 
specimen. 
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" CONCLUSIONS 


The family Cyprinodontidae is now added to the list of fish groups in 
which species are known to hybridize in nature. We write ‘known to 
hybridize’ advisedly, because in our judgment the circumstantial evidence 
for natural hybridization in this family, in conjunction with the data for 
other groups, is reliable and conclusive. The basis for interpreting certain 
specimens as interspecific hybrids has recently been outlined (Hubbs, Hubbs, 
and Johnson, 1943: 11-14), and need not be repeated here. 

The three cyprinodontid hybrids now described lie between Fundulus 
diaphanus diaphanus and Fundulus heteroclitus macrolepidotus, between 
Chriopeops goodei and Lucania parva, and between Fundulus sciadicus and 
Plancterus kansae. Fundulus*heteroclitus macrolepidotus is chiefly marine ; 
the race of Lucama involved ranges from salt to fresh water; the other 
species are fresh-water fishes. The principle that fresh-water forms are more 
subject to hybridization than are marine fishes is thus extended. 

Natural hybridization between species in the Cyprinodontidae must be 
one of the rarest of phenomena. The discovery would not likely have been 
made, had it not become a custom in ichthyological field work to collect and 
preserve large series of specimens. 

As usual the new fish hybrids prove more or less exactly intermediate 
between the parental forms, in the various characters by which the species 
are distinguishable. The features in which the cross-bred individuals inter- 
vene between the parental species are deep-seated as well as superficial. In 
two of the three combinations there are involved structures so trenchantly 
different as to be regarded as of generic significance, along with details of 
pigmentation. The Fundulus x Fundulus hybrid exhibits intermediacy in 
such features as the pattern formed by the pores and canals on the top of the 
head, the height of the anal sheath at the side of the oviducal pouch, and 
the volume of the eviscerated body. There are differences, too, in meristic 
counts and in measurements. In brief, the hybrids are intermediate in the 
whole complex that makes up the ‘‘different reaction systems’’ of the 
parental species. On the percentage scale in which the values for the char- 
acters of one parental species are set at 0 and that for the other species at 
100, the degree of intermediacy of the three hybrids under discussion is 
expressed by the grand average hybrid index of 50 for the cross between 
species retained in Fundulus and 55 for each of the crosses regarded as 
intergeneriec. 

The three cyprinodont hybrid combinations agree in another respect, 
namely, that the only known hybrids have been taken where only a few fish 
of the one parental species occur with an abundance of the other parent 
(Tables I, III, and V). That the association of a rare and an abundant 
species is conducive to hybridization has been indicated a number of times. 
Most of the pertinent evidence has not been published, but two outstanding 
cases of this phenomenon were discussed in the recent paper on eatostomid 
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hybrids (Hubbs, Hubbs, and Johnson, 1948: 39, 48). Apparently, the very 
rare species may often or even usually be forced to miscegenate with the 
abundant species. 

If most interspecific hybridization leads to sterility and hence to biotic 
inefficiency, as we assume it does, the tendency of species to hybridize where 
they are rare may well be an adverse factor in survival in the periphery of 
their ranges, and hence in their dispersal. Local extirpation of the rare 
form might thus be accelerated, as Greene (1935: 87-89) has suggested for 
local populations of the eyprinid fish Clinostomus elongatus. Ranges might 
thus be limited, and complementary distributions of related species built up 
and maintained. If, as is now generally conceded, a small advantage may 
lead to the spread of a gene through a population, it must be granted that 
a small loss in biotic potential, induced through occasional hybridization, 
might in time have a deleterious effect in dispersal and survival. We 
assume, however, that hybridization would ordinarily be only a contributing 
factor in limiting the range of a species or the life of a local population. 
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PLATE I 


Hybrid cyprinodont, Fundulus diaphanus diaphanus x Fundulus hetero- 
clitus macrolepidotus, and the parental species 
All from Lake of Shining Waters, Prince Edward Island, Gulf of St. Lawrence. 
Photographed to the same scale by Clarence Flaten. 
Fie. 1. Fundulus diaphanus diaphanus, female. 
Fig. 2. Female hybrid, 51 mm. in standard length. 
Fie. 3. Fundulus heteroclitus macrolepidotus, female. 


PLATE 


PLATE II 


Dorsal view of hybrid cyprinodont, Fundulus diaphanus diaphanus x Fun- 
dulus heterochitus macrolepidotus, and of the parental species 
All from Lake of Shining Waters, Prince Edward Island, Gulf of St. Lawrence. Same 
specimens as shown in Plate I. Photographed to the same seale by Clarence Flaten. 
Hie. 1. Fundulus diaphanus diaphanus, female. 
Fig, 2. Female hybrid, 51 mm. in standard length. 
Fie. 3. Fundulus heteroclitus macrolepidotus, female. 
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PLATE IIT 
Dorsal view of head of hybrid eyprinodont, Fundulus diaphanus diaphanus 
x Fundulus heteroclitus macrolepidotus, and of the parental species 


All from Lake of Shining Waters, Prince Edward Island, Gulf of St. Lawrence. Same 
specimens as shown in Plates I and II. Photographed to the same»scale by Clarence 
Flaten; retouched to emphasize sensory pores and the nonimbricated scale. A, B, C are 
distances measured by eye-piece micrometer and used in computing a character index. 

Fie. 1. Fundulus diaphanus diaphanus, female. 

Fig. 2. Female hybrid, 51 mm. in standard length. 

Fic. 3. Fundulus heteroclitus macrolepidotus, female. 
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PLATE IV 
Hybrid eyprinodont, Chriopeops goodei x Lucania parva, and the 
‘ parental species 
All from St. Marks Migratory Bird Refuge, Florida. Photographed to the same scale 
by Clarence Flaten. 
Fie. 1. Lucania parva, male, from collection H41—-15. 
Fig. 2. Male hybrid, 28.7 mm. in standard length, from same collection. 
Fig. 3. Chriopeops goodei, male, from same collection. 
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PLATE V 
Hybrid eyprinodont, Chriopeops goodei x Lucania parva, and the 
parental species 


All from St. Marks Migratory Bird Refuge, Florida. Photographed to the same seale 
by Clarence Flaten. Owing to the bright illumination required in taking this picture, the 
melanophores on the lower part of the head are scarcely apparent. 

Fig. 1. Lucania parva, female, from collection H41—16. 

Fie. 2. Female hybrid, 33.5 mm. long, from same collection. 

Fig. 3. Chriopeops goodei, female, from collection H41—-15,. 
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PLATE V 


PLATE VI 


Dorsal views of head and nape of hybrid eyprinodont, Chriopeops goodei 
x Lucama parva, and of the parental species 


All from St. Marks Migratory Bird Refuge, Florida. Photographed to the same scale 
by Clarence Flaten. 

Fig. 1. Lucania parva, male, from collection H41—-15. 

Fig. 2. Male hybrid, 28.7 mm. in standard length, from same collection. 

Fig. 3. Chriopeops goodei, male, from same collection. 
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INTRODUCTION 


Stocks of mice that superficially resemble the brush mouse (Peromyscus 
boylii) were collected in 1932 and 1933 by M. F. Landwer from Tule Canyon, 
Briscoe County, and from Cooper’s Canyon, Garza County, Texas. Subse- 
quent breeding tests and the study of skeletal characters at the Laboratory 
of Vertebrate Biology show that the affinities of these mice lie not with 
the boylii group but with the trwei group. 

Because the Tule Canyon stock was maintained in the laboratory for ten 
years, it is possible to take into account certain biological as well as strictly 
morphological data in determining the relationships of this population to 
already known and described mice of the trwei group. The Cooper’s Canyon 
stock was not developed as a laboratory stock, and only four skulls and one 
skin of field-caught individuals are available. 

Tam indebted to M. F. Landwer for permission to describe this new form, 
and to W. H. Burt, of the University of Michigan Museum of Zoology, for 
making available certain field-killed specimens. I am indebted to H. H. T. 
Jackson, of the United States Fish and Wildlife Service, for the loan of topo- 
types of Peromyscus nasutus from the collection under his care. The 
matings of the laboratory mice were made under the direction of L. R. Dice, 
who also made the body measurements. The eytological preparations and 
determinations were made by Ray Moree, of the University of Michigan De- 

partment of Zoology. Skeletal measurements were made by 8. L. Bellanca 
and by myself. Statistical calculations were made by D. M. Clarke, Bruce 


Kirchenbaum, and myself. 
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ISOLATION OF THE TEXAS POPULATION 


The population of mice of which the Tule Canyon and Cooper’s Canyon 
stocks are samples probably occupies only a restricted range on the rocky, 
cedar-covered slopes along the ‘‘Break of the Plains’’ in western Texas. 
This population lives more than one hundred miles from the nearest other 
known population of mice of the truet group. The nearest known specimens 
of nasutus have been recorded from Tucumeari, Quay County, New Mexico 
(Bailey, 19381: 157), and trwet and nasutus have been taken in the extreme 
northwestern corner of the Oklahoma Panhandle (Blair, 1939: 122). 

In New Mexico, both trwei and nasutus are mostly restricted to the 
sabinal and montane life belts of the mountain slopes, where they are most 
abundant in the pinyon-juniper association (Dice, 1942: 205). In New 
Mexico, both trwet and nasutus range short distances on the desert grass- 
lands, but nowhere have they been found more than two or three miles from 
the base of the mountains (Blair, 1941: 226). Therefore, the more than one 
hundred miles of treeless, relatively level, relatively rockless, short-grass 
plains lying between the Texas population and the nearest populations of 
truer and nasutus must be an effective barrier. 


FERTILITY RELATIONS 


The Tule Canyon mice can be crossed in the laboratory with nasutus 
from Arizona and New Mexico, although not without some difficulty. Five 
of twenty matings between Tule Canyon mice and nasutus were successful, 
and resulted in the production of seven male and two female hybrids. The 
percentage of successful matings in this cross was somewhat smaller than in 
the pure stocks. Among thirty-one matings within the stock of nasutus from 
Lincoln, New Mexico, only twelve (389 per cent) were productive. The 
matings within the Tule Canyon stock were more successful, for fourteen 
(74 per cent) of nineteen matings produced young. The fact that the cross 
matings were less successful than the matings within the stocks suggests, 
but does not necessarily prove, partial infertility between the Tule Canyon 
mice and nasutus. 

Six of the F, male hybrids were mated with Tule Canyon females, and one 
of these matings resulted in the birth of one male and one female offspring. 
Three of the F; males were mated unsuccessfully to nasutus females. One 
I’; female hybrid was mated unsuccessfully with a Tule Canyon male. The 
fact that only one back-cross mating produced young suggests that there was 
lowered fertility of the hybrids. 

Cytological examination of the testes of the hybrid males affords positive 
evidence of partial infertility between the Tule Canyon mice and nasutus. 
The testes of four F'; hybrid males that did not reproduce were prepared and 
examined by Ray Moree. In one animal, spermatogenesis appeared to be 
going on more or less normally, and there was an abundance of normal as 
well as some abnormal sperm. Moree believes that this animal was poten- 
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tially fertile. The three others examined all showed abnormalities in de- 
velopment. No normal sperm were found-in any of them, but a few abnor- 
mal young sperm were present in each. Moree classifies these animals as of 
a sterile type. According to Moree, ‘‘the general situation in the Tule 
Canyon hybrids parallels very closely, if not identically, that found in truet- 
nasutus hybrids.’’ Moree plans to publish a detailed description of the 
cytological conditions of the hybrids between the Tule Canyon mice and 
nasutus. 

According to the evidence the Tule Canyon mice are incompletely fertile 
with mice of the species nasutus. The partial infertility is due, in part at 
least, to gross disturbances in spermatogenesis. Unfortunately, no attempts 
were made to cross the Tule Canyon mice with truei, which is also partly 
fertile in crosses with nasutus. Nine attempted crosses with mice of the 
boylu group proved unsuceessful. 


MORPHOLOGICAL DISTINCTNESS OF THE TEXAS MICE 


Laboratory-bred animals of known age provide the only critical means 
of comparing the Tule Canyon mice morphologically with other mice of the 
truet group. For these comparisons, mice of the one-year age class (86-78 
weeks) from the Tule Canyon stock, nasutus from Lincoln, Lincoln County, 
New Mexico, and truei, from Capitan Gap, Lincoln County, New Mexico, 
have been used. Means and standard errors of four body and eleven skele- 
tal measurements have been computed (Table I). The body measurements 
and the first five skeletal measurements in Table I are standard measure- 
ments (Dice, 1932: 5). The others need explanation. The interparietal 
length is the greatest length, and the interparietal width is the greatest 
width of that bone. The length of the bulla is its greatest length. The 
width of the bulla is measured just anterior to the thickened base of the 
external auditory meatus; this is not the greatest width. The parietal- 
bullar depth is measured from the median surface of the skull just anterior 
to the interparietal to the plane of the most inflated parts of the two audi- 
tory bullae. The nasal length is the greatest length along the suture between 
the two nasals. Of bilateral structures, the left member is measured. Means 
of the same measurements of field-killed Tule Canyon mice and field-killed 
topotypes of nasutus have been included in the table. These field-killed 
animals are of little use, however, because of their small numbers, unknown 
ages, and because the body measurements were made by different collectors. 

In comparing the two means, the difference between them is considered 
to be significant if it is 2.7 or more times its standard error. 

The Tule Canyon mice are significantly smaller than either trwei or nasu- 
tus in a majority of the measurements. They are smaller than nasutus in 
tail length, foot length, femur length, length of mandible, condyle-premax- 
illary distance, condyle-zygoma distance, length of interparietal, and 
parietal-bullar depth. They are significantly smaller than trwet in body 
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length, foot length, ear length, femur length, length of mandible, condyle- 
premaxillary distance, condyle-zygoma distance, bullar width of skull; leneth 
of interparietal, length of bulla, and parietal-bullar depth. 

In only two measurements, length of bulla and width of bulla, are the 
Tule Canyon mice significantly larger than is nasutus. In only one measure- 
ment, tail length, are they significantly larger than trwei. 


Fig. 1. Interparietal bone of Peromyscus comanche (A) aged forty-eight weeks, 
from the Tule Canyon, Texas, stock and of Peromyscus nasutus (B) aged fifty-one weeks, 
from the Lincoln, New Mexico, stock. 


The Tule Canyon mice do not differ significantly from nasutus in body 
length, ear length, bullar width of skull, width of interparietal, or nasal 
length. They do not differ from trwet in width of interparietal, width of 
bulla, or nasal length. 
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The principal characters by which truet and nasutus may be separated 
are the larger ears, larger auditory bullae, and shorter tail of truer. By use 
of these characters mature trwei and nasutus may be readily separated. In 
all of these characters the Tule Canyon mice are much more like nasutus than 
like trwei, which shows them to be more closely related to the former than to 
the latter. 

The most conspicuous skeletal difference between nasutus and the Tule 
Canyon mice is in the shape of the interparietal. This bone is roughly ellip- 
tical in nasutus, but it is triangular in the Tule Canyon mice (Fig.1). The 
two species nearly always can be separated by examination of the inter- 
parietal, which has much the same shape in trwei as in the Tule Canyon 
mice, so that it would be impossible to separate the two on this character 
alone. The interparietal in trwei seems to be more variable in shape than 
in either nasutus or in the Tule Canyon mice. 

In pelage color the Tule Canyon mice differ from nasutus in much the 
same way that trwet does. Tule Canyon mice of the one-year class are more 
brightly buffy than are specimens of nasutus of comparable age from 
Lincoln and from Capitan, New Mexico. Like truer but unlike nasutus, 
they have also a lateral stripe of buffy hairs unmixed with gray. Field- 
killed Tule Canyon mice likewise are more buffy than are field-killed speci- 
mens of nasutus from Estes Park and Manitou, Colorado, and from Kenton, 
Oklahoma, and unlike them, have a noticeable lateral stripe. 

The Cooper’s Canyon mice have slightly smaller auditory bullae than do 
the mice from Tule Canyon. Otherwise, they are morphologically very 
much like the Tule Canyon mice. 


EVOLUTIONARY STATUS OF THE TEXAS MICE 


The three separate breeding arrays that are represented by nasutus, 
truet, and the Texas mice demonstrate two stages in the differentiation of 
a species from a previously interbreeding population. The populations 
known as nasutus and trwer have, in some manner and at some time in the 
past, split into discrete breeding arrays. The divergence of these two popu- 
lations, presumably through differential mutation pressure and selection 
pressure, now has reached the point where (1) there is partial infertility 
between the two; (2) the two kinds occur together in the same ecological 
associations without interbreeding; and (3) the two are readily separable 
because of conspicuous morphological differences. 

The Texas population and the species nasutus are also isolated arrays of 
a presumably previously interbreeding population. The Tule Canyon mice, 
like truet, have developed partial infertility with nasutus. They, too, are 
prevented from interbreeding with nasutus, although in this case by a geo- 
graphical barrier. They and nasutus also have drifted apart morpho- 
logically to the point where most individuals of the two kinds may be readily 
separated on structural characters. 
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The Texas mice and nasutus seem to have been separated a shorter time 
than have nasutus and truei for two reasons. First, there is good reason to 
believe that geographic isolation usually is the first critical step in speciation. 
After geographic isolation has permitted the random divergence of the pre- 
viously interbreeding populations, the differentiating kinds may again come 
to occupy the same areas and the same ecological associations without inter- 
breeding. The Texas mice have obviously reached only the stage of geo- 
graphic isolation, while the trwei and nasutus have passed this stage and 
have come to occupy in some places common ranges and common ecological 
associations. Second, the morphological differences between nasutus and 
the Texas mice are not quite so great as those between nasutus and truei. 

The trwei species group, as, now known, is made up of three discrete 
breeding arrays, no one of which, however, is completely infertile with the 
others. This species group corresponds to my concept of a cenospecies (see 
Blair, in press), for the three breeding arrays are at least partly fertile 
iter se but infertile with other cenospecies. In classification, the Texas 
population of mice must rank as a taxonomic species, just as do truei and 
nasutus. This species may be described as follows. 


Peromyscus comanche, new species 
The Texas Juniper-mouse 


Type.—Female adult, skull and skin; Univ. Mich. Mus. Zool. No. 66901 : 
from Tule Canyon, Briscoe County, Texas, about 22 miles east of Tulia; 
May 23, 1932; collected by M. F. Landwer; original number, 237. 

GEOGRAPHIC DISTRIBUTION.—Known only from the type locality and from 
Cooper’s Canyon, four miles southwest of Post, Garza County. Probably 
occurs in other canyons along the Break of the Plains in northwestern Texas. 

CHARACTERS.—FEars and bullae much smaller than in trwei; tail longer 
than in truer. Interparietal triangular rather than elliptical as in nasutus. 
Pelage brighter than in nasutus, with a pronounced lateral line of buffy hairs 
unmixed with gray. Skull larger and braincase more inflated than in boylw, 
with much larger auditory bullae. 

‘MEASUREMENTS OF TYPE (in mm.).—Total length, 206; tail vertebrae, 
107; hind foot, 22.0; ear from notch, 21.0. Skeleton: greatest length of 
skull, 28.5; basilar length of Hensel, 21.0; zygomatic breadth, 14.0; inter- 
orbital constriction, 4.5; length of interparietal, 9.7; width of interparietal, 
3.8; length of nasals, 11.0; shelf of bony palate, 4.1; palatine slits, 5.5; 
diastema, 7.0; postpalatal length, 10.1; maxillary tooth row, 4.2; condyle- 
premaxilla distance, 26.7; condyle-zygoma distance, 19.0; bullar width of 
skull, 12.3; length of bulla, 5.4; width of bulla, 3.3; parietal-bullar depth, 
10.0. 

Cotor (worn pelage refers to type; unworn to laboratory raised ani- 
mals).—Ground color of dorsal pelage Ochraceous Bufft mixed with dusky, 

1 Capitalized color terms are after Ridgway (1912). 
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fading into Light Ochraceous Buff in worn pelage. There is a pronounced 
lateral line of Ochraceous Buff unmixed with dusky. General effect above 
of Cinnamon or Tawny Olive in unworn pelage, changing to Wood Brown 
in worn pelage. Sides of face and nose grayish. Ears dusky. Tail more 
or less sharply bicolor. Feet and underparts white. 

SPECIMENS EXAMINED.—Peromyscus comanche: Tule Canyon, Briscoe 
Co., Texas, 92; Cooper’s Canyon, Garza Co., Texas, 4. P. n. nasutus: Lin- 
eoln, Lincoln Co., New Mexico, 65; Capitan, Lincoln Co., New Mexico, 13; 
Estes Park, Larimer Co., Colorado, 4; Manitou, El Paso Co., Colorado, 5; 
Taft Canyon, Cimarron Co., Oklahoma, 1. P. ¢. truwei: Capitan Gap, Lin- 
coln Co., New Mexico, 80. P. boylu attwateri: New Braunfels, Comal Co., 
Texas, 4. P. boylw rowleyz: Summerhaven, Pima Co., Arizona, 14. 


SUMMARY 


A population of mice of the Peromyscus truei group living in Tule Can- 
yon and adjacent canyons along the Break of the Plains in Texas is geo- 
graphically isolated from other mice of the same species group. The Tule 
Canyon mice are only partly fertile in crosses with specimens of nasutus of 
the truet group. Morphologically, they are more like nasutus than true, 
but they differ considerably from nasutus both in skeletal structure and in 
external appearance. The Tule Canyon mice are here described as a new 
species, Peromyscus comanche, of the truei group. 
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INTRODUCTION 


In beach mice of the races Peromyscus polionotus leucocephalus and P. p. 
albifrons pigmented hairs are restricted to the dorsal body surface. The 
hairs of the ventral and lateral surfaces are white throughout. In some 
mice of these races, the area of unpigmented hairs extends somewhat on the 
dorsal surface. Mice of the race leucocephalus have the least extensive area 
of dorsal, pigmented hairs. These mice have fully pigmented hairs only 
along the middorsal line. The hairs bordering the middorsal stripe are 
pigmented only at the base. All other body hairs are pure white. This 
coat pattern may be called the lewcocephalus type. 

The coat pattern of the lewcocephalus and albifrons mice contrasts 
strongly with the pigmentation pattern of mice of the race P. p. polionotus 
and of all members of the related species maniculatus. The species polio- 
notus and maniculatus are both members of the maniculatus species group. 
In the coat pattern usual for the mice of the maniculatus group, the hairs 
of the dorsal surface are pigmented throughout; and the ventral and lateral 
hairs, except a few in the inguinal region and on the chin, are pigmented at 
the base and only the tips are white. This pattern of pigmentation may be 
called the maniculatus type. 

An analysis of the genetic differences between the leucocephalus and 
maniculatus patterns of pigmentation was made by Sumner (1930). He 
showed that the leucocephalus pattern is partly dominant over the manicu- 
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latus type and that the total difference between the two types is due to the 
effects of several genes. Sumner, however, did not isolate any of these fac- 
tors. The present report deals with the mode of inheritance of one of these 
pattern genes. 

It is especially desirable to analyze the genetic differences between the 
two types of coat pattern of these mice, because these patterns of pigmenta- 
tion are adaptive in nature. The race leucocephalus lives on Santa Rosa 
Island, which is a white sand reef. The mice of this race are to our eyes 
relatively inconspicuous on the white sand, because their lateral surfaces 
and part of their dorsal surface is white. A mouse with the maniculatus 
pattern of pigmentation would on the contrary be easily seen on the white 
sand. Mice of the race albifrons, which are more extensively pigmented 
above than are those of leucocephalus, are likewise well adapted for conceal- 
ment on the somewhat darker mainland beaches on which they live. Mice 
of the race polionotus, which have the maniculatus pattern, are inconspicu- 
ous on the dark soils that they inhabit in the interior of Georgia and Ala- 
bama. On the other hand, a mouse with the leucocephalus pattern would 
be highly conspicuous on these dark soils. 

The chi-square test has been used to determine the significance of devia- 
tions from the expected ratios in the F, and backcross generations. With 
one degree of freedom a deviation is considered significant if the chi-square 
value exceeds 3.841, which marks the 5 per cent level of probability. A 
deviation is considered highly significant if the chi-square exceeds 6.635, 
which marks the 1 per cent level of probability. 

I am indebted to Don Hayne for permission to examine several stocks 
of Peromyscus polionotus that he collected in western Florida. I am in- 
debted to Elizabeth Barto for suggestions concerning the test for linkage 
with another set of factors and for critically reading the manuscript. 


THE WHITE-CHEEK CHARACTER 
The Fy, Generation 


Cross matings first were made between mice of the maniculatus type, as 
represented by a stock of Peromyscus maniculatus bairdii from southwest- 
ern Michigan, and a strain of the leucocephalus type that had been selected 
for minimum extent of pigmented hairs. This leucocephalus strain was 
obtained by selection following a cross of lewcocephalus from Santa Rosa 
Island with albifrons from the mainland of Florida. Crosses were later 
made between Peromyscus maniculatus blandus from New Mexico and 
leucocephalus from Santa Rosa Island. 

The F, hybrids that were obtained from these crosses varied considerably 
in the distribution of pigmented hairs, but all of the sixty-three animals had 
one conspicuous character in common. The fur hairs on the cheeks up to 
the lower rim of the eyes were white in at least their distal band (PEST) 
In some individuals, moreover, the fur hairs in this region were white 
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throughout their length. At least some of the guard hairs in this region, 
however, were dark at their tips. The white-cheek effect obtained results 
from the extension of the white pigmentation pattern that is characteristic 
of the ventral surfaces of the head and body upward toward the dorsal head 
surface. This character I propose to call white cheek (We) in contradis- 
tinction to the usual ‘‘colored cheek’? (we) of mice that have the maniculatus 
pattern of pigmentation. In the colored-cheek mice the lower rim of the 
eye is bordered by hairs that are pigmented to their tips. 

On the hypothesis that the white cheek represents the effect of a major 
pattern gene that is inherited as a simple dominant over the colored cheek, 
the hybrids were backcrossed to colored-cheek mice, and an F, generation 
also was raised. 


The F, Generation 


Thirty-one F, hybrids of the cross between bairdii and the selected 
leucocephalus-type strain were raised. As only three F, males were pro- 
duced in this cross, and as two of these proved sterile, all of the F, hybrids 
were the offspring of a single pair of mice. Twenty-one white-cheeked and 
ten colored-cheeked mice were obtained in the F, generation. The deviation 
from the expected 3: 1 ratio is not significant, for the chi-square value is only 
0.871, with one degree of freedom. The segregation in this generation 
agrees with the hypothesis that white cheek is a single unit dominant over 
colored cheek. 


The Backcross to Colored Cheek 


The most convincing proof that white cheek is a single unit dominant over 
colored cheek is found in the segregation in the backcross generation, for 
a much larger number of individuals was produced in this cross than in the 
F,. The backcross to bairdu of the F, bairdu x leucocephalus-type strain 
produced fifty-eight offspring. The backcross of the F, blandus x leuco- 
cephalus hybrids to blandus has produced thirty-one offspring. In a test- 
cross to colored-cheeked mice designed to test for linkage between white 
cheek and the buff phase the progeny totaled 203 individuals. The white- 
cheek animals used in the testcross were obtained from a second generation 
of backerosses to colored-cheek mice. Among the 292 backcross animals in 
these three groups, 159 were phenotypically white cheek, and 133 were col- 
ored cheek. The deviation from the expected 1: 1 ratio is not significant, for 
the chi-square value is only 2.315, with one degree of freedom. Therefore, 
the segregation in both the F,, and backcross generations indicates that white 
cheek is a single unit dominant over colored cheek. 


TEST FOR LINKAGE WITH BUFF—GRAY 


A test was made for linkage between the white-cheek or colored-cheek 
alleles (Wc, we) and the buff-gray factors (A°, a). This test was made in 
the coupling relationship. Buff, white-cheeked mice, some or all of them 
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heterozygous for colored cheek, were mated to gray, colored-cheeked mice. 
Buff, white-cheeked animals (A? Wc/a we) obtained from this cross were 
used in testcross matings, where they were mated to the double recessive, 
gray, colored-cheek blandus. The offspring of the testcross were classified 
at an age of four to five months. 

Buff (A®) and gray (a) have been shown by Dice (1933) to be alleles, 
of which buff is dominant. This later was confirmed by Clark (1938). The 
symbols are those used by Clark, although it has not been proved that buff 
belongs in the agouti series. The buff used here came from the bairdu used 
in the crosses between bairdii and the selected leucocephalus-type strain of 
mice. The white cheek came from the selected strain. The gray and the 
colored cheek came from blandus. 


TABLE I 


Trst FoR LINKAGE BETWEEN WHITE-CHEEK, COLORED-CHEEK (Wc, we), AND 
Burr-GRAy (A?, a) 
Testeross 
(Ab We/a we x a we/a we) 


Class Observed Expected 
Buti, white: cheek a asescceeatescweeans 63 50.75 
Gray, white cheek ......... 49 50.75 
Buff, colored cheek 46 50.75 
Grayspcoloredacheekwem stn cert rcnrni: 45 50.75 
MOSM ececoneensta tartrate eee ra 203 203.00 


ANALYSIS OF CHI-SQUARE 


ae Degrees of . 
Source of Variation Breedows Chi-Square 
White cheek: colored cheek ratio ..........0 1 2.172 
Budime Ta yerail Opa eee ne eee 1 1.108 
TUK a0 Oe crn ern eee oe a retinas ain cen re neces al 0.833 
TNO Ev] pierce oes recent ae acre 3 4.113 


The testeross generation comprised 203 animals. Of these, sixty-three 
were buff, white cheek; forty-nine were gray, white cheek; forty-six were 
buff, colored cheek; and forty-five were gray, colored cheek (Table I). The 
buff white-cheek and the gray colored-cheek types are the parental classes. 
The gray white-cheek and the buff colored-cheek classes are recombinations. 
There is no significant deviation from the simple 1:1 ratio between recom- 
binations and parental types that would be expected in the absence of any 
linkage between the genes We and A». The chi-square value is only 0.833, 
which is not significant. At the 1 per cent level of probability, however, the 
numbers are not sufficient to disprove a possible linkage having more than 
37.8 per cent crossing over. 

The results of this test indicate, therefore, that the genes Wc and A> 
either are on different chromosomes or are very loosely linked. 
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GENETIC BASIS FOR THE leucocephalus PATTERN 


The gene Wce.accounts for only a part of the difference in coat pattern 
between the coast and island races of the species polionotus and the other 
members of the maniculatus species group. The total extension of white in 
these races is due to the interaction of several genes, as Sumner (1930) has 
already pointed out. An investigation of these other pattern genes is now 
in progress, and only a general statement about them is possible at this 
time. 

White-cheek segregants in F, and backcross generations vary consider- 
ably in the degree of extension of white hairs over other parts of the body. 
Five grades of reduction of pigmented area of Wc mice can be recognized: 
(1) unmodified white cheek, which presumably represents the effect of only 
the gene We, (2) tail white, in which the dorsal hairs of the tail are white 
to their bases, (3) femoral white, in which the hairs on the inside of the thigh, 
in addition to the dorsal tail hairs, are pure white, (4) belly white, in which 
the abdominal and thoracic regions as well as the dorsal tail surface and inner 
thigh have white hairs, and (5) side white, in which the white area extends 
up onto the sides of the body. The wild type of lewcocephalus represents at 
least one additional stage in reduction of the pigmented area, but this grade 
has not yet been obtained in the hybrids. 

The highest grade of reduction of the pigmented area (side white) can be 
obtained from the lower grades (tail white, femoral white, belly white) by 
selective breeding. Conversely, the extent of the pigmented area is increased 
by successive backerossing to maniculatus-type mice, which, because of their 
distant geographic origin, presumably carry few if any of the minor genes for 
the extension of white. Two or three backcrosses to the maniculatus-type 
animals usually result in the elimination of all completely white hairs except 
on the cheek and in the regions that are white in the maniculatus type. 

The colored-cheek segregants in F, and backcross generations usually 
have a pattern of pigmentation identical with that of the parent, colored- 
cheek stock. Some individuals in these generations, however, have pure 
white hairs in the femoral region or sometimes in both the femoral and belly 
regions. These individuals, unlike white-cheek segregants with white 
femoral regions and bellies, have the dorsal surface of the tail pigmented. 

From such evidence as is available, it seems probable that most of the 
minor pattern genes are expressed only when the gene We is present. The 
great variation in the extent of pigmentation of the ventral hairs in the 
white-cheek segregants compared with the slight variation in the colored- 
cheek segregants leads to this conclusion. On the other hand, the white 
thighs and bellies of some colored-cheek segregants indicate that some of 
the pattern genes reach expression in the absence of We. 

The distribution of all-white hairs over the body in the house mouse is 
controlled by several spotting factors (see Dunn and Charles, 1937, and 
Dunn, 1942). My evidence, as well as that obtained by Sumner (1930), 
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suggests that several factors also are involved in producing the leucocephalus 
type of pigmentation. 


DISTRIBUTION OF WHITE-CHEEK IN NATURAL POPULATIONS 
or Peromyscus 


The distribution of the gene Wc in wild populations of the species polto- 
notus is known only in a general way. More than three hundred wild- 
caught individuals of lewcocephalus from Santa Rosa Island have been exam- 
ined without the finding of any colored-cheeked animals. In addition, no 
colored-cheeked young appeared among the forty-two offspring of crosses 
between leucocephalus and colored-cheeked specimens of maniculatus. It 
seems likely, therefore, that the colored-cheek allele is rare in the Santa Rosa 
Island population. ‘ 

Several stocks of the species polionotus that were collected by Don Hayne 
in western Florida are in the collection of the Laboratory. Most of the 
specimens available are laboratory bred, so they give no precise measure of 
the gene frequencies in the wild populations. However, they and such field- 
caught animals as are available indicate that inland from approximately 
the line between western Florida and Alabama the mice are colored cheeked. 
In the strip approximately forty miles wide between the Gulf coast and the 
Alabama line, both white-cheeked and colored-cheeked mice occur. On some 
mainland beaches the mice appear to be nearly all white cheeked; on others 
the populations are mixed. 

The populations of the nearly white coastal beaches may be thought of 
as a great reservoir of white-cheek genes and of the minor color pattern 
genes as well. The populations of the inland, dark soils of Alabama may 
likewise be considered a reservoir of colored-cheek genes. Western Florida, 
between the coast and approximately the Alabama line is a tension zone into 
which are dispersed the remarkably different genotypes of the populations 
on each side of it. Detailed studies of the gene frequencies in the popula- 
tions of this tension zone, when they can be made, will be of the highest 
importance to an understanding of the dynamics of raciation. 


SUMMARY 


The white-cheek character (Wc) of Peromyscus polionotus leucocephalus 
and P. p. albifrons is a single-unit dominant over the colored cheek (we) of 
the species Peromyscus maniculatus. The genes We, we, and those for buff 
and gray, A®, a, either lie on different chromosomes or are very loosely 
linked. 

The differences in pattern of pigmentation between the polionotus-type 
mice of the Florida coast and the inland mice of maniculatus type are pro- 
duced by the gene We acting together with several other genes. These other 
genes, as yet unanalyzed, eliminate pigment from the hairs on various parts 
of the body. 
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The mice of the white beaches and islands of western Florida are mostly 
white cheeked, and in addition they usually carry other genes that reduce 
the extent of pigmented hairs on the body. The mice of the dark, inland 
soils of Alabama are colored cheeked. In western Florida, both white- 
cheeked and colored-cheeked mice occur intermingled over a strip extending 
approximately forty miles inland from the Gulf of Mexico. 
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PLATE I 


Fig. 1. White-cheek pattern of mouse derived from crosses between Peromyscus 
polionotus and P. maniculatus. 

Fig. 2. Gray-cheek pattern of deer-mouse of Peromyscus maniculatus blandus stock 
from Alamogordo, New Mexico. 
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INTRODUCTION 


Tus report deals with an experimental test for sexual, or psychological, 
isolation between three forms of the Peromyscus maniculatus species group. 
A method is described by which the sexual isolation and social behavior of 
mammals may be studied experimentally. The term sexual or psychological 
isolation is used here in the sense that it is used by Dobzhansky (1941: 257 i 
It is assumed that copulation between individuals of sexually isolated species 
fails to occur because of the lack of mutual attraction. 

Sexual isolation is a highly important factor in speciation. Once sexual 
isolation has been achieved between two geographically isolated populations 
it acts as a barrier to interbreeding that probably can be surmounted only 
with difficulty if the two populations again come to have overlapping ranges. 
The stage at which sexual isolation develops is an important one in the differ- 
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entiation of biological kinds. Some biologists (Dobzhansky, 1937 and 1941; 
Mayr, 1940 and 1942; and others) believe that the attainment of sexual iso- 
lation is the most important event in the differentiation of a species. W. F. 
Blair (1943) believes that the acquirement of sexual isolation is second only 
to the development of intersterility as an important stage in differentiation. 

No previous attempt to study experimentally the degree of sexual isola- 
tion of different kinds of wild mammals is known to us. Dice (1940 and 
1942) reasons that some sort of psychological isolating mechanism must 
operate to prevent the interbreeding of mammals that in the laboratory will 
hybridize and produce at least some fertile offspring, but which in the field 
maintain discrete breeding arrays where their ranges overlap. 

Sexual isolation has been demonstrated experimentally in Drosophila 
(Sturtevant, 1920; Dobzhansky and Koller, 1938; and Stalker, 1942) and in 
Bufo (A. P. Blair, 1942). Our methods are similar to those of previous 
workers in that a choice of mating partners is offered the captive animals. 
The relatively complex social behavior of mammals, however, requires a 
special technique. With such highly organized forms, the social behavior 
as well as actual copulation is indicative of the presence or absence of psycho- 
logical isolating mechanisms. 

The experiments were planned by us jointly, and the daily records were 
made by one or both of us. The report has been written by the senior author, 
as the junior author was called into military service before the experiments 
were completed. We are indebted to Charles W. Cotterman for suggestions 
concerning the statistical treatment of the data and to Carl L. Hubbs for 
critically reading the manuscript. In the absence of both authors in army 
service the manuscript has been supervised through the press by Lee R. Dice. 


METHODS 


Our method of investigation consisted simply of creating an artificial 
society in a group of laboratory cages. Within this society each mouse could 
associate with an individual of the opposite sex of its own kind or with either 
of a pair of mice of a different kind kept in the same group of cages. 


Experimental Conditions 


Cacrs.—Four mouse cages of wire screen, each with floor dimensions of 
9 by 16 inches, were connected through the sides by means of short, wooden 
tunnels. Every mouse could move freely into any cage of the four. Each 
cage was provided with a food glass, a water bottle, a nest pan, and cotton 
nesting material. The cages were lettered A to D, to facilitate the keeping 
of records. 

ENVIRONMENTAL CONDITIONS.—The experiments were carried out in a 
room with northern exposure. No control of temperature was possible dur- 
ing the summer, but during the winter months the room was kept at approxi- 
mately 72° F. 
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BREEDING CONDITION OF THE MICE.—Only healthy, sexually active mice 
were tested. It was impossible to use only animals of the same age, but this 
seemed unnecessary, since all were sexually mature. The breeding condition 
of these mice can be determined by the condition of the external genitalia. 
Females going through the estrous cycle have the vagina open, and sexually 
active males have enlarged testes, located in the scrotum. 


Experimental Routine and Treatment of Data 


Hach experiment was begun by placing four mice, one male and one 
female of each of the two kinds being tested, in cage A. The mice then were 
free to distribute themselves through the four cages in any way that suited 
them. As there were four cages and four nests, each mouse could liye in a 
separate cage and separate nest if it so desired. Hach experiment was con- 
tinued until a litter was born to one of the females, or until a period of 
approximately forty-five days, which is equal to twice the average gestation 
period of these mice, had elapsed. Each experimental set was examined 
daily between eight and ten o’clock in the morning. The mice are active at 
night and retire to their nests during the day. There was thus obtained a 
daily record of which mice nested together. As daylight did not come until 
nearly nine o’clock (Eastern War Time) during the winter months, it was 
necessary to turn on bright lights in the room for about an hour before all 
of the mice had retired. When the daily examinations were made the mice 
were examined for evidence of recent fighting, and the females for possible 
pregnancy. After an experiment was terminated, the females were segre- 
gated and examined frequently until it was evident that they were not preg- 
nant. In order to prevent the carrying over from one experiment to another 
of any attraction between two individuals, the same pair was never placed 
together in more than one experiment. Some individuals, however, were 
reused in a different type of experiment. 

The data secured from these experiments are of three types. First, there 
are the daily records of association in the nests. These may be treated sta- 
tistically. Second, there are the observations on the fighting that took place 
in the artificial society made up of two pairs of mice. Third, there is the 
positive evidence of the choice of mating partners as shown by the paternity 
of the litters that were born. For most of the litters here reported it is 
possible to tell the paternity of the young by their appearance. In interpret- 
ing the evidence from the production of litters it must be remembered that 
some of these stocks are only partly fertile with one another, and it is quite 
possible that pairing and copulation sometimes may take place without the 
production of offspring. Each of the three kinds of data throws some light 
on the problem of sexual isolation, and together they afford a measure of the 
sexual isolation of the mice. 

Fifteen different social combinations are possible between the four mice 
living together in each experiment. These combinations may be grouped 
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according to the type of behavior they indicate. First, and most critical as 
a test of sexual isolation, are the combinations of one male with one female. 
Three combinations are possible in which likes (mice of the same type) are 
paired (see first three columns of social combination scores in Table 1)2 sThe 
mice of each kind can be paired simultaneously, or those of either kind can 
be paired while the other two mice are living singly. We use the word pair 
to indicate the occurrence together of a male and female of the same stock or 
strain to the exclusion of the other mice. These three classes of scores will, 
therefore, be referred to as pair scores. Opposed to the pair scores are the 
three classes in which a male of one stock or strain has nested with a female 
of the other type (see last three columns of social combination scores in 
Table I). These will be referred to as cross-pair scores. 

Four combinations are possible in which three mice nest together to the 
exclusion of the fourth. In referring to these scores, the excluded animal 
will be spoken of as ‘‘out,’’ meaning it is out of the aggregation. Other 
possible combinations are: (1) males together, females living singly, (2) 
females together, males living singly, (8) males together in one cage, females 
together in another, (4) all four mice together, and (5) no two mice together. 

In the statistical treatment of the data, the chi-square test of significance 
has been used. The probability of the occurrence of each social combination 
on a chance basis is shown at the bottom of each table. In all critical com- 
parisons, however, events of equal probability only are compared, so that a 
formula for testing a simple 1:1 ratio has been used. There is one degree 
of freedom. A deviation from the expected equal numbers is considered 
significant if the chi-square value exceeds 3.841, which marks the 5 per cent 
level of probability. A deviation is considered highly significant if the chi- 
square exceeds 6.635, which marks the 1 per cent level of probability. 


STOCKS 
Origin of the Stocks 


Three stocks of mice and the hybrids between them were used in the 
experiments. The origin of these stocks is as follows: 

Leucocephalus, Navarre.—First and second laboratory-born generations 
from animals that were trapped on Santa Rosa Island, Florida, in the winter 
and spring of 1942. 

Albifrons, Gulf Shores.—Second and third laboratory-born generations 
from animals trapped on the mainland beaches of Gulf Shores State Park, 
Alabama, in the winter of 1941-42. 

Blandus, Tularosa.—This stock came from the vicinity of Tularosa, Otero 
County, New Mexico. It has been in the laboratory about four years and 
has been separated into a number of color strains. Where pairs of blandus 
were used in the experiments only mice of the same color strain were used. 

Hybrids.—These were laboratory-produced, F, hybrids between blandus 
Tularosa and leucocephalus Navarre, and between blandus Tularosa and 
albifrons Gulf Shores. 
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Relationships of the Stocks 


The stock of Peromyscus maniculatus blandus is representative of the 
species maniculatus. The stocks of Peromyscus polionotus leucocephalus 
and P. p. albifrons are representatives of the species polionotus. All of these 
mice belong to the cenospecies Peromyscus maniculatus (W. F. Blair, 
1943). All will cross in the laboratory if no choice of mating partners is 
given, but only a small proportion of the species crosses are successful, and 
in at least the lewcocephalus—blandus cross some F, males are sterile. All 
of the wild populations represented by these mice are geographically isolated 
from one another. The population of lewcocephalus occupies Santa Rosa 
Island, off the west coast of Florida. The population of albifrons occurs on 
the adjacent mainland and is separated from the nearest representative of 
the species maniculatus by a gap of more than one hundred miles in which 
neither kind occurs. 


THE MATING EXPERIMENTS 


Ninety mating experiments were conducted between July, 1942, and 
February, 1948. In addition to the tests between the different stocks and 
those between the hybrids and their parent stocks, experiments were carried 
out in which all mice were from the same stock. 


blandus with blandus 


Sixteen experiments were conducted with blandus alone. In these ex- 
periments the mice of one pair were of one color strain, whereas those of the 
other pair were of a different color strain. Four color strains, designated 
tentatively as dark gray, red, sand, and yellow were used. The sands and 
yellows differ from the reds and grays in at least one major genetic factor. 
They are homozygous for a recessive gene for paleness, while most of the reds 
and dark grays are homozygous for its dominant allele, which produces a 
dark pelage. The dark and pale mice are conspicuously different in shade. 
In all of the blandus experiments a male and female from one of the pale 
strains has been tested against a male and a female from one of the dark 
strains. 

The records of the blandus with blandus tests, except for two that will be 
discussed later, are summarized in Table I. It is obvious from the sum- 
marized daily scores that the distribution of the mice through the four cages 
was not according to chance. The double-pair and double cross-pair scores 
and the scores in which the pale mice were paired have a higher frequency 
than can be attributed to chance. Likewise, the scores in which one or the 
other male was out of the aggregation and the scores in which all four mice 
were together exceed the expected frequencies. The frequencies of the scores 
in which one or the other female was out of the aggregation are very close to 
the expected. In all of the other classes, the observed frequencies are less 
than would be expected on the basis of chance. 
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DoMINANCE AMONG MALES.—Blandus is definitely polygamous, at least in 
a society such as existed in the experiments. One male usually fights the 
other male, establishes dominance over him, and associates himself with the 
two females. The dominant male seems to be complete master over the other 
male. The losing male usually is bitten severely on the tail, sometimes until 
the tail is completely lost. The rump is also frequently attacked. The 
hind feet, scrotum, and ears are bitten occasionally. The dominated male is 
sometimes killed. The dominant male seldom receives so much as a scratch, 
for the other male usually submits without attempting retaliation. 

In nine of the fourteen experiments listed in Table I, one male showed 
strong dominance by fighting and defeating the other. In the five remaining 
experiments, also, one male was dominant, but less strikingly so. Two addi- 
tional experiments, not listed in Table I, had one dominant male in each. In 
one of these experiments a male was killed on the first night. In the second 
experiment one male was so completely cowed that he lived in the food glass, 
consequently the daily scores from this experiment are not comparable sta- 
tistically with those from the others. In eleven experiments the pale male 
was dominant, and in five the dark male. 

The male that was dominant in fighting also usually associated with the 
females to the partial exclusion of the other male. This is shown by com- 
paring the daily scores of the dominant with the dominated male. The domi- 
nant male was in a nest with both females while the other male was alone a 
total of 104 times. Only nine times was the dominated male in a nest with 
the two females while the other male was alone. This deviation from the 
1:1 ratio expected by chance is very highly significant, for the chi-square 
value is 79.9. 

The association of the dominant male with the females also may be shown 
by lumping all scores in which the dominant male was with one or the other 
or both of the females while the other male was alone, and comparing the 
result with the lumped scores in which the dominated male was with one or 
both of the females. The dominant male was with one or both females 186 
times, but the other male was with them only forty-three times. The chi- 
square value for the deviation from the expected 1:1 ratio is 89.3, which is 
very highly significant. 

The pale male was with one or both females a total of 148 times, and the 
dark male was with the females only eighty-one times. This deviation from 
the expected 1:1 ratio is highly significant, for the chi-square value is 19.6. 
The dominance of the pale male was expressed by his frequent pairing with 
one or the other of the females, not by association with both of them at the 
same time. There is no significant difference in the latter type scores of the 
two males. The pale male was with both females to the exclusion of the dark 
male a total of sixty-five times, and the dark male was with both females 
forty-eight times. The chi-square value for the deviation from the expected 
1:1 ratio is only 2.6, which is not significant. 


TABLE I 
SocIaAL GRouPS FORMED IN AN EXPERIMENTAL SocteTy oF Pzromyscus BLANDUS WITH BLANDUS 


One pair of pale strain (P) together with one pair of dark strain (D) in each experiment. 
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The dominant males were the fathers of most of the litters conceived 
during the experiments. Nineteen litters were fathered by dominant males, 
and only two were sired by nondominant males. This deviation from the 
expected 1: 1 ratio is highly significant, for the chi-square value is 13.8. In 
both eases in which nondominant males fathered litters the pregnancies took 
place near the beginning of the experiments and possibly before the domi- 
nance of the other male was established. In one of these cases the same 
female later produced a litter by the dominant male. 

Not all of the fighting was restricted to the males. In three experiments 
one female was bitten a few times, but we do not know which individual did 
the biting. An interesting item of female behavior was observed in one 
experiment (No. 61) in which both females bore litters at the-same time. 
The dark female stole the young of the pale female. These young also were 
dark as they were fathered by a dark male. This female moved the stolen 
young into her nest and nursed them along with her own offspring. When 
the experiment was later broken up the stolen young were left with their 
foster mother, who raised them as well as her own to maturity. 

ASSORTATIVE MATING OF COLOR TYPES.—A considerable amount of pairing 
occurred in the blandus experiments, even though one male usually domi- 
nated the other. To determine whether or not a nesting partner of the same 
color strain is selected, the three classes of pair scores may be lumped and 
compared directly with the sum of the three classes of cross-pair scores. 

The total frequency of the pair scores is 119, and that of the cross-pair 
scores is only seventy. Since the probabilities of the occurrence of either 
pairing or cross pairing are equal, the chi-square test may be used to test the 
significance of the deviation from the expected, simple 1:1 ratio. The chi- 
square value is 12.7, which indicates a highly significant deviation in the 
direction of the assortative pairing by color strains. 

The pale mice were paired more frequently (fifty-nine times) than were 
the dark mice (nineteen times). Double-pair scores are not included here, 
because the two types of pairs obviously cancel one another. To include 
them would unjustifiably multiply the data. The chi-square value for test- 
ing the deviation from the expected 1:1 ratio is 20.5, which indicates a 
highly significant deviation in the direction of pairing of pale with pale. 

In actual breeding, as shown by the litters produced, there was no selec- 
tion by color type by the parents. Twenty-three litters were born. Two 
died or were eaten before their paternity could be determined. Of the other 
twenty-one, nine were the result of matings between mice of the same color 
strain, and twelve were the result of cross matings between strains. There 
is no significant deviation from an expected 1:1 ratio, for the chi-square 
value for the deviation is only 0.4. 


leucocephalus with leucocephalus 


Seven experiments were carried out with leucocephalus alone. Two 
males and two females were placed together just as in all the other experi- 
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ments, but here there were no known genetic differences between any of the 
mice. 

The social behavior of leucocephalus is very different from that of 
blandus. There was no evidence of fighting between any of the lewcocephalus 
individuals, and all four mice in an experiment usually lived together in the 
same nest (see Table II). In only one experiment (No. 93) was there any 
obvious departure from this behavior. In this experiment, the two males 
frequently nested with the pregnant female while the nonpregnant female 
was alone. There possibly was some antagonism between the two femaies. 

The least probable combination on the basis of chance (all four mice 
together) had a frequency greater than the total frequency of all other 
combinations. In 190 daily records (70.4 per cent of the total) all four of 
the mice were living together. The observed frequencies of the combinations 
in which only three mice were together were close to the expected frequencies 
of those combinations. Also, the observed frequency of the combination in 
which the males were together in one cage, the females in another, was close 
to the expected. The frequencies of all other combinations were much below 
the expected. There was no significant amount of pairing between any two 
individuals. 

Even the birth of a litter did not cause any fighting among the leuco- 
cephalus individuals. In one experiment (No. 38) both females produced 
young before they were removed from the experimental cages. After the 
birth of the second litter, five days after the advent of the first, the two 
females moved their respective offspring into the same nest. There the two 
litters became mixed, and each female occasionally nursed young of both 
litters. 

Another habit of undoubted social significance is the storing of food by 
leucocephalus. Sunflower seeds were dropped into the cages once weekly. 
The mice carefully stored every sunflower seed in one or two of the unused 
nest pans. The same storage place was used throughout each experiment. 
If the nest pan was lifted, and the seeds scattered about, they were carefully 
placed back in the nest pan the following night. No food was stored by 
blandus. 

albifrons with albifrons 


Six experiments were conducted with albifrons alone. The results are 
shown in Table II. The behavior of albifrons bore some resemblance to that 
of leucocephalus, but there were obvious differences. There was a tendency 
for all of the animals in an experiment to nest together, but in only 29.5 per 
cent of the daily records were all four together, compared with 70.4 per cent 
for the leucocephalus. 

Definite pairs were formed and maintained in one experiment (No. 57). 
This is the only experiment in all of our series in which actual mating be- 
havior was observed. The morning after a litter was born to female A, this 
female and male A were observed running through the cages. Both mice 


TABLE II 


SocraL Groups FoRMED IN AN EXPERIMENTAL SocleTY OF PEROMYSCUS 
Two males (4A and 4B) and two females (9A and QB) of the same form together in each experiment. 
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were obviously excited, and the male made several attempts to mount the 
female. The other pair of mice in the experiment were somewhat excited 
too, but the other male made no attempt to copulate with this female, 

One male dominated the other in two experiments (Nos. 117 and 121). 
In the first of these one male was badly bitten, and in the second, one male 
was with the females more frequently than was the other. Fighting oc- 
curred in two of the six experiments. In addition to the experiment in 
which a male was badly bitten, there was one in which a female was bitten 
once. Seeds were stored in only one experiment, and then they were stored 
only for a short period. 

The social behavior of albifrons resembles that of blandus in the tendency 
to pair and in the fact that one male sometimes dominates the other. In 
frequently nesting together the albifrons resemble lewcocephalus. Individ- 
uals of albifrons are less inclined to store food than are those of leuco- 
cephalus, and they fight more than do lewcocephalus, but less than blandus. 
In general, therefore, the behavior of albifrons is somewhat intermediate 
between that of lewcocephalus and that of blandus. 


leucocephalus with blandus 


Seventeen experiments were set up with one pair of leucocephalus and 
one pair of blandus (Table III). In each set the male and female of blandus 
were of the same color strain. In eleven of the experiments there was defi- 
nite pairing by kinds to the exclusion of most other combinations. In two 
of the others (Nos. 78 and 100) the two males associated with the female 
leucocephalus after the female blandus became pregnant. In the four re- 
maining experiments, all four mice were together more frequently than they 
were in any other combination. The six experiments in which there was 
little pairing are scarcely less indicative of species discrimination than the 
experiments in which there was definite pairing. The fact that the males 
were nesting together a majority of the time in these experiments indicates 
to us that the psychological differences between the two kinds are so great 
that little feeling of competition exists between the males. 

The frequency of occurrence of double-pair and lewcocephalus-pair scores 
is much greater than would be expected on the basis of chance. The fre- 
quency of the blandus-pair scores is close to the expected frequency. The 
three classes of cross-pair scores all fall far below the frequencies expected 
by chance. The combinations of all four mice together and of three together 
with the blandus female out exceed the expected frequencies. The scores of 
the remaining combinations are close to or less than the expected frequencies. 

There was at least a little fighting in eleven of the experiments. The 
fighting was very different, however, from that in the blandus controls, 
where one male was continually bullied by the other. Here the fighting was 
sporadic, and one individual was seldom bitten more than once. Females 
were involved in fighting as much as males; eight individuals of each sex 
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showed evidence of injury from fighting. The fighting was about evenly 
divided between the forms, for six of the blandus and ten of the leuco- 
cephalus showed evidences of injury. The one exception to the general rule 
of little fighting occurred in experiment No. 59, in which both leucocephalus 
were killed by the blandus. 

The sexual isolation between leucocephalus and blandus is best shown by 
a comparison of the combined pair scores with the combined cross-pair 
scores. The pair scores total 394, and the cross-pair scores total only twenty- 
one. This is a very highly significant deviation from the 1:1 ratio that 
would be expected in the absence of any discrimination between the two 
kinds, for the chi-square value is 335.3. 

The blandus male was with the two females while the other male was 
alone more frequently than was the lewcocephalus male. The blandus male 
was with the two females thirty-one times, and the leucocephalus male was 
with them only fifteen times. The chi-square value for testing the deviation 
from the expected 1:1 ratio is 5.6, which is significant. This probably 
indicates slight dominance by the blandus male. That this dominance, if it 
is such, is negligible is shown by the fact that the blandus male entered into 
cross pairs no more frequently than did the lewcocephalus male. 

All of the litters born in the experiment that survived until identifica- 
tions could be made were the result of the mating of likes. Two litters born 
to blandus were killed soon after birth. Nine litters of blandus and two 
litters of lewcocephalus were identified. Thus, there is no evidence of cross 
mating under the conditions of the experiment. We cannot rule out the 
possibility of copulation not followed by pregnancies between mice of the 
different kinds, because the two kinds are only partly fertile together. 


albifrons with blandus 


Seventeen experiments were conducted with albifrons combined with 
blandus. The results are givenin Table IV. In five experiments, likes were 
paired most of the time. In seven experiments, all four of the mice nested 
together more frequently than they occurred together in any other combi- 
nation. In two experiments (Nos. 74 and 89) the blandus male was domi- 
nant. In one experiment (No. 72) the mice were either all four together or 
cross paired most of the time. In the two remaining experiments (Nos. 83 
and 113) the female blandus usually was alone, while the two males lived 
with the female albifrons. In one of these the blandus female was pregnant, 
and in the other the female blandus possibly bore a litter that was eaten 
before we found it. Fighting occurred in eleven experiments, the same 
number as in the leucocephalus with blandus tests, and in general the fight- 
ing was of the same magnitude as in those tests. 

Four combinations occurred much more frequently than would be ex- 
pected on the basis of chance. These were (1) double pairs, (2) all four 
mice together, (3) blandus female out of the aggregation, and (4) albifrons 


TABLE III 


SoctaL Groups FoRMED IN AN EXPERIMENTAL SocieTY or Peromyscus 
One pair of leucocephalus (L) together with one pair of blandus (B) in each experiment. 


ee ee ee ee 


a Sn ee ee a ek CS S| Se eae a | | ee ee | ae ee ee ee eee eae e eee ee eee 


Social Combinations Litters 
: = Ot 
<0 ~~ isi ag ~ 
n ey ~ & = % % = 5 iB B 585 S ats . 
A 3 aq (o) (=) ta © ) oo] 3s 3 n A é : 
I i a 2 ‘4 38135 | o s < Bel Bite ce ce & ag s Ee re ue Fighting Analysis 
ee |A5| 3 [et] Be] 2 |BS/S2/ 2] 212] 2 | & | S2)e| 28] Se = 
55 Setee re ee 3s S 8 = Bs a = o |BH| 8 sSladlala o 
Seal caeaah ele kee © Pea ees A 
1 SS 1S — ~~ S Or < on 30) | PRS 1 A ~ 
115 26 13 5 | Mere SS ees al 2 BR fe ae aceaeece Th ears ell Pesta crete a er 2 No fighting Definite pairing 
33 $4 aa yhick 4s bie ee 1 Ea ties Rea ite i pcc b ea f ee e 35 ioe QBx? evident 
79 44 28 8 SB Re ese Bi See tame ee Mie mee] ere ral |e Ne | cece (8 BS | (tee 2 B bitten Definite pairing 
once 
37 43 7 3 13 2 Sale 1 3 BY fit Rel Ee Mee 6 2 No fighting |Definite pairing 
evident 
62 40 32 C=, |e an Re Tie Kaeo ad aaa ae eal ke aL Be a Desa ee eu eine 2 Both B often |Definite pairing 
bitten 
20 48 18 at 11 Hf is PA tee AG Ty tenet ELF eases ha ervors 1 PAN eet AL wild. 9QL|Definite pairing 
once chased 
OB 
22 42 22 2 TOS | eaneet| rence [eee 1 OM yeh cepa [emcee lee ole ance a B, 2 L bit-|Definite pairing 
ten once 
23 52 | 25| 12 7 S.'t Saae. |hhaaee | aera nee 1 TP: eee. We Fass ed Sa | eee 1 2L bitten |Definite pairing 
once 
32 42 25 2 SUE | ot zeen | Nedsccaces |e Oh sae | emerge ese ree ae Renee leant || Rent] tes ocean il Both L bitten|Definite pairing 
once 
35 45 19 1 18 3 pe pee | rene eee OF ec ee [faeces reas | Ln 1 at Two 2@ Definite pairing 
fighting once 
59 6 2a yale eee ec Drei Gea? | eens te ates ee Bol teacllledss Are Both L killed |Definite pairing 
78 26 Dei estie |). Gene 15 Die |g gees 1 See perm | Nh ae 6 PED | Seracey ll beeaaet | WE @Bx? | No fighting After 9 B preg- 
evident nant both @ @ 
100 29 2 2 3 13 4 al 1 2 L bitten usually with 
once 2 L 
87 22 Atte eae 2 1 oe ee ee 7 QL bitten |All together or 
once 4 L out 
29 44 ed ee 5| 8 ee 2 15 1 No fighting |All usually to- 
evident gether or one out 
116 26 4 1 eh taste ol eee ee Or are ecu | emeresnn Sian | Pony | Pokace | No fighting All usually to- 
evident gether or one @ 
out 
118 30 7 Lh ete LOA 6 oie TR See TE ees) ee Ne By ack = All usually to- 
once. ether or paired 
chased 9 a E 
L once 
Total 599 | 232°) 58 | 104) 47 19 8 51 8 Osean Usually paired 
ghting 
Expected | 599 | 28.1 | 56.2 | 56.2 | 28.1 | 28.1 56.2 9.4 56.2 


} 
f 


No. 26 EVIDENCE OF SEXUAL ISOLATION 11 
male out of the aggregation. Three combinations occurred about as fre- 
quently as would be expected on a chance basis. These were (1) double 
cross pairs, (2) albifrons female out of the aggregation, and (3) blandus 
male out of the aggregation. All of the other possible combinations occurred 
much less frequently than would be expected by chance. 

Pairing occurred more frequently than did cross pairing. There were 
139 instances of pairing compared with sixty-three of cross pairing. The 
deviation from the 1: 1 ratio that would be expected in the absence of species 
discrimination is highly significant. The chi-square value is 28.6; however, 
the sexual isolation between albifrons and blandus is not nearly so great as 
that between leucocephalus and blandus. In the tests between albifrons and 
blandus 31.1 per cent of all pair and cross-pair scores were cross pairs, and 
in the tests between leucocephalus and blandus only 5.1 per cent were cross 
pairs. 

Additional evidence of isolation between these two forms is found in the 
two experiments in which the two males associated with one female and in 
the seven experiments in which all four usually nested together. As in the 
leucocephalus with blandus test, we believe that the frequent occurrence 
together of the albifrons and blandus males indicated that there was rela- 
tively little competition between them for mates. 

There was considerably more competition between albifrons and blandus 
males than there was between leucocephalus and blandus males. Evidence 
of competition between males was obvious in two experiments (Nos. 74 and 
89). In one, the male blandus associated with the females to the exclusion 
of the albifrons male, and in the other the albifrons male was killed. Addi- 
tional evidence that the male blandus tended to dominate over the male albi- 
frons is in the total daily scores showing association of males and females. 
The blandus male was with both females and the albifrons male was alone 
forty-seven times. The albifrons male was with both females and the blandus 
male was alone only twenty times. The chi-square for this deviation from 
the 1:1 ratio that would be expected in the absence of male dominance is 
10.8, which is highly significant. 

The blandus male was with one or both females while the albifrons male 
was alone a total of 106 times. The albifrons male was with one or both 
females a total of only fifty-one times. The chi-square value for this devi- 
ation from the expected 1: 1 ratio is 19.3, which is highly significant. These 
scores indicate that blandus males dominate albifrons males to a considerable 
degree under the conditions of the experiment. 

All litters that lived long enough to be identified were the result of the 
mating of like with like. Twenty-one litters were born. Three litters born 
to blandus females and six born to albifrons females were killed soon after 
birth. Eleven litters resulted from the mating of blandus with blandus, and 
one was produced by the mating of albifrons with albifrons. Therefore, all 
of our evidence indicates that the mice mated only with their own kind. As 
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in the leucocephalus with blandus test, we cannot be certain that unsuccess- 
ful copulation between individuals of the two different forms did not occur. 


blandus—leucocephalus Hybrids with blandus 


Ten experiments were conducted in which F, hybrids between blandus 
and leucocephalus were tested with blandus (Table V). In two of the ex- 
periments (Nos. 90 and 107) F, leucocephalus x blandus hybrids were used. 
In the eight others the reciprocal hybrids were used. The two groups are 
here treated jointly. In only two experiments (Nos. 63 and 70) was there 
definite pairing of likes. The hybrid male dominated the blandus male in 
seven experiments, and the blandus male was dominant in one experiment 
(No. 69). 

Three combinations were considerably more frequent than could be ex- 
pected on the basis of chance. These were (1) double pairs, (2) male 
blandus out of the aggregation, and (3) all four mice together. Four combi- 
nations were considerably less frequent than could be expected on the basis 
of chance. These were (1) no mice together, (2) males together, (3) females 
together, and (4) males together in one cage, females together in another. 
The scores of the other combinations were fairly close to the expected fre- 
quencies. 

A comparison of the pair and cross-pair scores shows that there was no 
isolation between the hybrids and the pure blandus. Pairs occurred a total 
of seventy times, and cross pairs sixty times. This deviation from the ex- 
pected 1:1 ratio is not significant, for the chi-square value is only 0.8. With 
the production of an F, hybrid generation the psychological barrier to the 
transfer of leucocephalus characters to blandus is broken down. 

Additional evidence of the breakdown of the previously strong sexual 
isolation is found in the behavior of the males. One male usually was 
strongly dominant over the other. Just as in the blandus controls the domi- 
nant male bullied the other and monopolized the company of the females. 
The hybrid male was strongly dominant in seven experiments, and the 
blandus male was dominant in only one. This dominance by the hybrid 
males probably is accounted for by the fact that these hybrids are much more 
vigorous and aggressive than are the pure blandus. The dominance of the 
hybrid males is proved statistically by the scores showing association with 
the females. The hybrid male nested with both females while the blandus 
male was alone a total of fifty-seven times. The blandus male was with both 
females only seventeen times. The chi-square value for this deviation from 
the 1:1 ratio that would be expected in the absence of male dominance is 
21.6, which is highly significant. 

The hybrid male nested with one or both females a total of ninety-eight 
times while the other male was alone. The blandus male nested with one or 
both females only fifty-four times. The chi-square value for this deviation 
from the expected 1: 1 ratio is 12.7, which is highly significant. Therefore, 


SoctiaL GRouPS FORMED IN AN EXPERIMENTAL Socipty oF P#HROMYSCUS 
One pair of albifrons (A) together with one pair of blandus (B) in each experiment. 
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both the indiscriminate pairing and the presence of strong male dominance 
indicate the absence of sexual isolation between blandus and the blandus- 
leucocephalus hybrids. g 

The parentage of the litters that were produced offers additional evidence 
of the breakdown of sexual isolation between the blandus and the hybrids. 
Unfortunately, the paternity of the litters could not always be positively 
determined, because the hybrids were heterozygous for the definitive charac- 
ters. Three litters, however, positively were the result of matings between 
blandus females and hybrid males. Four litters definitely were produced 
by matings between males and females of blandus, and three were the result 
of matings between hybrids. Three litters born to blandus females and 
three born to hybrid females were unidentifiable or were lost. The three 
litters from matings of blandus females and hybrid males afford positive evi- 
dence of a breakdown of sexual isolation sufficient to allow interbreeding 
even when there is a choice of mates. 


blandus—leucocephalus Hybrids with leucocephalus 


Nine tests were made between leucocephalus and the F, hybrids between 
leucocephalus and blandus (Table VI). In one experiment (No. 48) F, 
leucocephalus x blandus hybrids were used. Reciprocal hybrids were used 
in the others. All are treated jointly. In two experiments, likes were 
paired together more often than the mice were associated in any other combi- 
nation. In four experiments, the leucocephalus male dominated the hybrid 
male. In two experiments, all four of the mice were usually together, and 
in the remaining experiment the two males were usually with the leuco- 
cephalus female. 

Four combinations occurred more frequently than would be expected on 
the basis of chance. These were (1) double pairs, (2) hybrid female out of 
the aggregation, (3) hybrid male out of the aggregation, and (4) all four 
mice together. Four combinations occurred about as frequently as would be 
expected on the basis of chance. These were (1) lewcocephalus paired, (2) 
leucocephalus female out of aggregation, (3) leucocephalus male out of 
aggregation, and (4) leucocephalus male cross paired with hybrid female. 
The remaining combinations occurred less frequently than would be ex- 
pected by chance. 

Pair scores occurred much more frequently than did cross pairs. Likes 
were together a total of 101 times, while cross pairs occurred only thirty- 
eight times. This deviation from the 1: 1 ratio that would be expected in the 
absence of isolation between the hybrids and the mice of the pure stocks is 
highly significant, for the chi-square value is 28.6. These results indicate 
that there is some sexual isolation between lewcocephalus and the F, hybrids. 

The leucocephalus male usually was more or less dominant over the 
hybrid male. In the four experiments in which this was most obvious the 
hybrid male was badly bitten. The leucocephalus male was with both 
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females and the hybrid male was alone a total of fifty-one times. The hybrid 
male was with both females only fifteen times. This departure from the 
expected 1:1 ratio is highly significant, for the chi-square value is 19.6. 

The leucocephalus male was with one or both females and the hybrid male 
was alone a total of one hundred times. The hybrid male, on the other hand, 
was with one or both females only thirty-nine times. The deviation from the 
expected 1:1 ratio is highly significant, for the chi-square value is 26.8. Our 
results show definitely that there was antagonism between the males and that 
the leucocephalus associated with the females more often than did the hybrid 
male, 

Nine litters were produced in this group of experiments. Four were the 
result of matings between leucocephalus. One born to a leucocephalus 
female was lost. Two litters resulted from matings between hybrids. One 
litter born to a hybrid female was lost, and another was unidentifiable. The 
number of litters is small, but each of the six that could be identified resulted 
from the mating of like with like. 


blandus—albifrons Hybrids with blandus 


Only three tests were made between blandus and F, hybrids between 
albtfrons and blandus, for only a few of these hybrids were available. In 
one experiment (No. 102) the hybrids used were F, albifrons x blandus, 
whereas in the other two the reciprocal hybrids were used.» The results are 
given in Table V. In all three experiments the blandus male was somewhat 
dominant. In one the hybrid male was badly injured, and in another it was 
badly bitten and finally killed. 

The data are too few for statistical treatment, but insofar as they go 
they indicate that the reaction between blandus and albifrons—blandus 
hybrids is essentially like the reaction between blandus and the leuco- 
cephalus—blandus hybrids. There were fourteen records of pairing and 
seven records of cross pairing. The blandus male was dominant, whereas 
in the test between blandus and the leucocephalus—blandus hybrids the 
hybrid male usually dominated. The blandus male was with both females 
and the other male was alone seventeen times, but the hybrid male was with 
both females only five times. The former male was with one or both females 
twenty-five times, and the latter was with one or both females only eight 
times. 

One litter, from a mating between blandus, was identifiable. Three other 
litters born to female blandus and two born to hybrid females were unidenti- 
fiable. 

The few data suggest virtual elimination of sexual isolation between 
blandus and the F, hybrids, just as in the leucocephalus—blandus hybrids. 


blandus—albifrons Hybrids with albifrons 
The results of three tests of blandus—albifrons hybrids with albifrons are 
given in Table VI. In one experiment (No. 50) F, albifrons x blandus were 
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used; in the others reciprocals were used. There was definite pairing of 
likes in one experiment. In the others, all four mice nested together more 
frequently than they occurred in any other combination. 

The data are too few for statistical treatment, but they suggest that the 
reaction between albifrons and the F, blandus—albifrons hybrids is not 
greatly different from that between leucocephalus and blandus—leucocepha- 
lus hybrids. Likes were paired twenty-four times, while cross pairs occurred 
only ten times. The hybrid male associated with the females somewhat more 
frequently than did the albifrons male. The hybrid male was with both 
females and the albifrons male was alone seventeen times, but the albifrons 
male was with the females only eight times. Likewise, the hybrid male was 
with one or both females twenty-five times, and the albifrons male was with 
one or both only eleven times. 

Two litters were born as ‘the result of matings between individuals of 
albifrons. One other litter, born to an albifrons female, was lost before it 
could be identified. 

The results suggest that sexual isolation between the hybrids and albi- 
frons is greater than that between them and bdlandus. 


DISCUSSION 


It is shown above that the three forms of mice of the cenospecies 
Peromyscus maniculatus tested differ in their social behavior in an experi- 
mental society comprising only two pairs of mice. In a wholly blandus 
society, one male usually fights the other male and establishes dominance 
over him. The dominant male often associates with the two females to the 
exclusion of the other male, and he sires most of the young that are pro- 
duced. The social behavior of leucocephalus mice in the experimental 
society is very different from that of blandus. The leucocephalus mice are 
highly social and all four of them usually nested together. These mice are 
extremely tolerant of one another even when young are in the nest. Leuco- 
cephalus mice also differ from blandus mice in their habit of making com- 
munity food stores. The behavior of albifrons individuals in the experi- 
mental society is intermediate between that of lewcocephalus and that of 
blandus. The albifrons mice resemble leucocephalus mice in their habit of 
frequently all nesting together. They also make food stores, but they make 
them less frequently than do the lewcocephalus mice. The albifrons indi- 
viduals resemble those of blandus in their tendency to form pairs and in the 
occasional dominance of one male over the other. 

Strong sexual isolation between individuals of leucocephalus and blandus 
is exhibited in a mixed society made up of these two forms. The two blandus 
usually live by themselves in one nest, and the two lewcocephalus in a differ- 
ent nest. Only rarely does a male of one stock nest with a female of the 
other stock. Our evidence indicates that the two kinds of mice do not inter- 
breed under the conditions of the experiment, for all of the litters produced 
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resulted from the mating of blandus with blandus or of leucocephalus with 
leucocephalus. The blandus male forms an aggregation with the two females 
to the exclusion of the other male slightly more often than does the leuco- 
cephalus male. This possibly indicates slight dominance by the blandus 
male. The deviation, however, from the 1:1 ratio between the two types 
of aggregations is not highly significant. Occasional fighting occurs in this 
society, but, unlike the fighting in the pure blandus society, it is sporadic; 
an individual is seldom bitten more than once during an experiment. 

Sexual isolation is strong also between albifrons and blandus, but it is not 
nearly so strong as that between leucocephalus and blandus. This difference 
in the degree of sexual isolation by which the two forms of Peromyscus polt- 
onotus are separated from blandus is shown by the higher percentage of 
eross-pair scores in the blandus—albifrons society and by the fact that the 
blandus male sometimes dominates the albifrons male. In the blandus—albi- 
frons society 31.1 per cent of all pair and cross-pair scores were cross pairs, 
whereas in the blandus—leucocephalus society only 5.1 per cent were cross 
pairs. The blandus male associated with the females significantly more fre- 
quently than did the albifrons male. All of the young that lived long 
enough to be classified resulted from the mating of blandus with blandus 
or of albifrons with albifrons. The F, hybrids between blandus and leuco- 
cephalus and between blandus and albifrons showed no sexual isolation from 
pure blandus. Cross pairs between blandus and the hybrids occurred about 
as often as did pairs between pure blandus or between the hybrids. One 
male dominated the other as strongly as in the pure blandus society. The 
hybrid male usually dominated the blandus male, probably because of its 
greater vigor and aggressiveness. The dominant male fought the other male 
and monopolized the company of the females. The hybrids and the pure 
blandus interbred even though the blandus individuals had the opportunity 
of breeding with their own kind. 

The sexual isolation between the F, hybrids and the leucocephalus or 
albifrons stock is less strong than that between the two parent stocks. The 
extent of isolation between the hybrids and the parent leuwcocephalus or albt- 
frons stocks is much greater than that between the hybrids and blandus. 
The mice pair with their own kind more frequently than they cross pair. 
The leucocephalus male usually dominates the hybrid male. This suggests 
that the differences in the factors affecting sexual isolation between the 
hybrids and the parent leucocephalus are sufficiently small so that the leuco- 
cephalus male recognizes the hybrid male as a competitor for the females. 
We are unable to explain why leucocephalus males established dominance 
over hybrid males but not over other lewcocephalus males. We have ob- 
tained no evidence of cross breeding between lewcocephalus and the hybrids 
or between albifrons and the hybrids under the conditions of the experiment. 

Our information about the social behavior of these mice in an unmixed 
society suggests that differences in social habits are important factors in 
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sexual isolation. Each of the three stocks tested varies markedly in its social 
behavior. Significantly, the albifrons mice, which differ least from blandus 
mice in social habits, are less effectively isolated from blandus than are 
leucocephalus mice, which differ the most: 

We do not know the actual psychological factors that cause each leuco- 
cephalus, albifrons, and blandus mouse to associate with and interbreed with 
another of its own stock rather than with an individual of a different but 
related form. Many factors probably influence the selection of a mate. 
Physical characters and behavior patterns as well as more elemental stimuli, 
some perhaps olfactory in nature, probably play a part in the choice of a 
mating partner. Visual discrimination of physical characters probably is 
important in the selection of mates. Such discrimination is suggested by 
the fact that individual blandus of the same color strain paired together 
more frequently than did those of different colors. It is possible, of course, 
that the mates were selected for characters associated with the pelage color 
rather than for the color itself. 

The sexual isolation between leucocephalus and blandus and between 
albifrons and blandus is not operative in nature, because both leucocephalus 
and albifrons are geographically isolated from any representative of the spe- 
cies maniculatus. The sexual isolation, however, that exists here would be 
of the highest evolutionary importance if, as is very possible, either of these 
forms came to occupy in the future a range overlapping that of maniculatus. 
In that contingency mating preferences would tend to maintain the distinct- 
ness of the populations of the two species. 

That psychological isolating mechanisms may sometimes break down in 
nature is indicated by the fact that they can be broken down in the labora- 
tory by allowing no choice of mates. The possible results to be expected of 
a partial breakdown of the sexual isolating mechanisms are shown by the 
reactions between the F, hybrids and their parent stocks. The leuwco- 
cephalus—blandus and albifrons—blandus hybrids pair indiscriminately with 
pure blandus, and at least the lewcocephalus—blandus hybrids interbreed 
freely with blandus. Thus, if hybridization should occur through the partial 
breakdown of sexual isolation, the rapid transfer of lewcocephalus or albi- 
frons genes into the maniculatus population would be hindered only by the 
infertility of a fraction of the hybrids. 

The barrier to the transfer of maniculatus genes into leucocephalus or 
albifrons, on the contrary, is lowered but not completely removed by hybridi- 
zation. Cross pairing in the experiments between the hybrids and the mice 
of the parent stocks is much less frequent than is pairing between indi- 
viduals of the respective parent stocks or between the hybrids. Further- 
more, so far as we have observed, there is no crossbreeding between the 
hybrids and the mice of the parent stocks. Therefore, the transfer of 
maniculatus genes into the albifrons or leucocephalus population would pro- 
ceed more slowly than the reciprocal transfer, and it might not occur at all. 
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Should overlapping of their geographic ranges ever occur, it is, there- 
fore, theoretically possible that a modification of the maniculatus population 
by the introduction of foreign genes might take place without any modifica- 
tion of the albifrons or leucocephalus population through the introduction of 
maniculatus genes. Hybridization, in this case, presumably would not re- 
sult in the immediate swamping of either kind. Instead, under these con- 
ditions some modification of one form (maniculatus) would theoretically 
occur without a reciprocal modification of the other. 

It is significant that lewcocephalus and albifrons differ in the degree of 
their sexual isolation from a representative race (blandus) of the species 
maniculatus. Both leuwcocephalus and albifrons are geographically isolated 
populations that W. F. Blair (1943) considers to be incipient species of the 
cenospecies maniculatus. A considerable difference between these two in- 
cipient species is indicated by the difference in the extent of their sexual 
isolation from maniculatus. These different degrees of sexual isolation pre- 
sumably represent different stages in the evolution of their isolating mecha- 
nisms. 

The existence of psychological barriers to the interbreeding of these geo- 
graphically isolated populations indicates that sexual isolation develops 
under conditions of geographical isolation. The evidence here is purely 
circumstantial. We believe that mice of the taxonomic species maniculatus 
and polionotus formerly comprised one interbreeding population that was 
broken into two arrays during some Pleistocene interglacial period (W. F. 
Blair, 1948). If this is the true history of these forms, the present aversions 
to crossbreeding between them must have developed since their geographic 
separation. It is logical to believe that geographically isolated populations 
will drift apart in the psychological, physiological, and morphological 
characters that influence the selection of amate. The development of sexual 
isolation probably comes as a byproduct of random divergence in the charac- 
ters of the two populations. This is in agreement with the hypothesis of 
Stalker (1942: 255) that ‘‘genetic isolating mechanisms would be acquired 
.... during evolutionary changes which result in increased differences 
between sub-groups.’’ 

SUMMARY 


Three geographically isolated forms of mice—Peromyscus maniculatus 
blandus, P. polionotus albifrons, and P. polionotus leucocephalus—are found 
to differ markedly in their social behavior when each is tested in an experi- 
mental society comprising only mice of its own kind. The blandus males 
are polygamous: one male establishes dominance over the other and monopo- 
lizes the company of the females. The lewcocephalus mice are gregarious: 
the individuals live harmoniously together. The behavior of albifrons is 
intermediate. Selected color strains of blandus tend to pair assortatively. 

In the experimental society leucocephalus exhibits strong sexual isolation 
from blandus. However, albifrons is less strongly isolated from blandus 
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than is leucocephalus. The Fy hybrids between leucocephalus and blandus 
and between albifrons and blandus show no sexual isolation from the parent 
blandus. The hybrids are, on the other hand, sexually isolated from the 
parent leucocephalus or albifrons, although this isolation is less effective 
than that between the pure, parental stocks. It is suggested that if hybridi- 
zation between these forms should ever take place in nature differential 
sexual isolation might operate to modify one of the forms without any 
reciprocal modification of the other. 
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INTRODUCTION 


THis report is concerned with the inheritance of brown and nonbrown 
pigment in human eyes. No attempt is made to analyze the several eye-color 
patterns nor is any distinction made between the different shades of brown. 
The study is quantitative only insofar as quantity may be appraised by visual 
techniques without the aid of specialized measuring tools. The investigation 
was supported and the report is here published through aid from the Horace 
H. Rackham School of Graduate Studies, University of Michigan. 


METHODS 


All observations of eye color were made by myself in natural light. 
Although the light intensity varied considerably from day to day, the light- 
ing generally was good. The amount of iris pigment was classified accord- 
ing to the following grades: 1, no brown pigment observable; 2, a trace of 
brown; 3, one-fourth brown; 4, one-half brown; 5, three-fourths brown; 
6, a trace of nonbrown; and 7, completely brown. The analysis has given 
each of these grades equal rank even though this introduces a small error, 
since the difference (observationally) between grades 1 and 2 and between 
grades 6 and 7 is less than the difference between the other grades. 

The data have been gathered from 107 families with a total of 212 chil- 
dren: (a) one child, forty-six families; (6) two children, thirty-nine 
families; (c) three children, twelve families; (d) four children, three fami- 
lies; (e) five children, four families; (f) six children, two families; and (g) 
eight children, one family. The racial ancestry of all families may be classi- 
fied as North European. The family residence now is mainly in the central 
to east section of the Lower Peninsula of Michigan. 
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ANALYSIS OF DATA 


The frequencies for the various eye-pigment grades in parents and in 
their children are given in Table I. The male children slightly outnumber 
the female children. Female parents are significantly darker eyed than 
are male parents (average grade 9 =38.32, 01.84; §=2.73, 61.67) and are 
somewhat more variable in eye color. Here o refers to the standard devia- 
tion of the distribution: o?=1/n S(x—x)’. Male children are darker eyed 
and more variable than are female children (f= 2.72, 1.70; 2? =2.42, o1.51), 
and the children are lighter eyed and less variable than the parents. These 
sexual differences are not consistent and probably are ascribable to the 
sampling process rather than to genetic peculiarities. 

The mating combinations (P x P) and the grades of eye color in children 
(F) for each possible mating type are summarized in Table II. In terms 
of the mating possibilities presented by the population there is no evident 
homogamy in eye color. <A person with a certain grade of eye color is no 
more likely to mate with a person having his own grade than with one 
having any other grade. This is shown both by the correlation coefficient 
(r39 =—.009) and by the chi-square test (x? = 27.82; not significant for 36 
degrees of freedom). 

Among the children the statistical number of sibling pairs is 191; forty 
of these are female pairs, fifty-seven are male pairs, and ninety-four are 
male and female pairs. This statistical number is the sum of all possible 
sibling comparisons within a family. For example, in a family containing 
two male and two female children there are four male and female pairs, one 
male pair, and one female pair. One of the female pairs appears to be iden- 
tical (Table III, Family 26). No other multiple births are recorded. 

The parents range from twenty-two to fifty-four years of age and the 
children from three to twenty-eight years. There is no evident association 
between amount of brown pigment in the eye and the age of either parents 
(r=.004) or children (r=—.074). Further consideration of age will con- 
sequently be omitted. 

The association between sex and amount of brown pigment in the iris 
is not significant among parents (y?=7.97; P=.30) or among children 
G2 = 5.40; P= 50). 

Within a family the following twelve statistical pairings may be tested. 
These pairings may be measured by the product-moment correlation (r), 
by the chi-square goodness of fit test (x°), by the probable significance (P), 
and by two additional statistics derived from the chi-square summations 
—mean square contingency (9?) and coefficient of mean square contin- 
gency (C). 


1. ¢ parent—¢ parent. In these data there is no reported evidence of 
consanguinity between parents. In addition, insofar as may be deter- 
mined from other measurements made on the families, such as blood 
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eroup, secretor and taste factors, traits of the dento-facial complex, ete., 
there is no evidence in any instance that legal parents are not the bio- 
logical parents. The parents may be assumed to be unrelated and, as 
pointed out above, they show no likenesses in brown pigment in the iris 
that are not attributed to the sampling process. 

2. ¢ parent— offspring. The number of pairings is 110, r=.673, 
x? = 182.60, P=.01-, 9?=1.1839, and C=+.736. Four items in the 
father-son pairings appear unduly to magnify the x? value. If these 
are extracted from the manifold table, x? is reduced to 78.31, C to + .648, 
and r to .564; P remains significant at the .01— level. 

3. d parent—@ offspring. The number of pairings is 102, r=.462, 
x? = 72.73, P=.01-, 9?=.7180, and C=+.645. One item is question- 
ably erratic. Its removal reduces x? to 58.00, C to +.623; r and P are 
not changed. The internal evidence from the correlation matrix indi- 
cates that r would be increased to about +.51 if a larger sample were 
used. 

4. § parent—offspring. There are 212 pairings, r=.541, x? =152.74, 
P=.01-, ¢?=.7205, and C=+.647. Extraction of two items reduces 
x’ to 123.29 and C to .628; P remains at .01-. The value of r adequately 
describes the correlation matrix. 

The analysis of amount of iris pigment in the male parent and in his 
offspring, treated both dependently and independently of sex, shows 
similarity which cannot be attributed to chance. Differences in the 
amount of similarity between father-son and between father-daughter 
are suggested by r, x?, and C. Detailed examination of the manifold 
tables and correlation matrices indicates that the differences present 
may well be attributed to minor erraticisms within the samples. <A 
reserved conclusion, then, is that the male parent’s contribution to the 
eye color of his offspring is probably not differentiated according to sex. 

5. ¢ parent— offspring. There are 110 pairs, r= .207, y?=71.71, P=.01-, 
o? = .6460, and C=+.627. The manifold table presents no irregulari- 
ties which unduly influence yx? and its derived statistics. The correla- 
tion value given needs no correction. 

6. 9 parent—® offspring. The number of pairs is 102, r= .291, x? = 54.87, 
P=.02, 9?=.3477, and C=+.522. Detailed examination of the mani- 
fold tables and correlation matrices suggests no changes in the values 
given. 

7. 2 parent—offspring. The number of associations is 212, r=.242, 
x? = 79.55, P=.01-, 9? = .8752, and C=+.522. No distributional irregu- 
larities are evident. 

The P values, consistently below the .01 level, indicate the associa- 
tions in eye pigment between mother-son, mother-daughter, and mother- 
offspring to be real and not attributal to the operation of chance 
factors. The difference between the mother-son (.207) and mother- 
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daughter (.291) correlations is too small to warrant the conclusion of 
differential influence of sex, but is sufficiently large to suggest further 
consideration with more adequate data. These differences shown by 
the correlation are, however, contraindicated by x? and C. 

A comparison of the male parent-child associations with the female 
parent-child ones shows the former to be greatly in excess over the 
latter; the compared averages are: r=.559 and .247, y?=119.37 and 
68.54, and C=.676 and .580, respectively. Two explanations may be 
offered: (a) the results are peculiar to this sample and would not be 
substantiated by a more extensive body of data; or (b) the statistical 
treatment involved in setting up parent-child pairs according to the 
number of children in nt family may magnify or minimize unduly the 
true differences. 

The first suggestion seems most reasonable. Reference to Table II 
shows very clearly that the division of the total sample into its several 
mating combination subgroups gives a series of very small samples no 
one of which is sufficiently large to permit highly refined appraisal. 
The largest subgroup, P; x Ps, is represented by fifteen families con- 
taining only twenty-nine children, fourteen male and fifteen female. 
Furthermore, twenty-one of the possible twenty-eight P x P subgroups 
include five or fewer families each with nine or fewer children. 

The second proposition has some merit. The discussion already has 
shown that in a body of data of this size the method of analysis permits 
a very small percentage of apparently irregular items to influence 
strongly the magnitude of r, y?, and C. Aside from these difficulties 
there is no reason why the pairing method should, in itself, produce 
inaccurate results. In other words, care must be exercised when using 
statistics derived from small samples, regardless of the value of P. 

8. Midparent—offspring. The midparent as used in this discussion is ob- 
tained by taking one-half of the sum of the grades for the male parents 
and the female parents. There are 212 pairs, r=.590, x? = 206.75, 
P=.01-, 6?=.9752 and C=+.703. Removal of two irregular items in 
the manifold table reduces x? to 149.53 and C to .655; P remains signifi- 
cant at the .01 level, and r is unaffected. There is no important differ- 
ence between the midparent-male offspring and the midparent-female 
offspring correlations (7 = .585 and .595 respectively). 

With the exception of the male parent-female offspring correlation, 
the midparent-offspring correlations are the highest of the intrafamilial 
pairings tested. This suggests a blending type of inheritance in the 
eye pigmentation. 

9. $ sibling—¢ sibling. There are 57 pairs; r=.490, y H01.d3, b= .01— 
o? = 1.1812, and C=+.736. One item is irregular. Its removal reduces 

x? to 49.27 and C to .668; P remains at less than .01, and r is unaffected. 

10. . sibling— sibling. There are 93 pairs, and all associations except that 
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attributal to four erratic items is of zero order. This result is unex- 
pected and seems to be due to the sample used. At least, the findings 
should be verified by additional data before attempting explanation. 

11. 2 sibling—9 sibling. There are 40 of these associations; r =.498, 
x? =76.78, P = .01-, »?=1.9195, and C=+.811. Removal of one irregu- 
lar item reduces x? to 45.42 and C to .647; r and P are not affected. 

12. Sibling—sibling. There are 191 pairs; r=.275, x?=77.33, P=.01-, 
o?=.4049, and C=+.535. No items are strikingly erratic, and the 
values given reflect largely the failure of association in §-@ sibling 
pairs. 

DISCUSSION 


Two statistical methods for measuring association of intrafamilial pairs 
have been employed; product-moment correlation and the chi-square good- 
ness of fit. Both techniques show within-family associations that are not 
attributal to chance. The correlations vary between —.048 and +.673 and 
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average + .491; all but one is significant at the .01 level. Considerable 
differences are found between the several correlations, most striking of 
which is the zero order correlation between male and female siblings and 
the marked difference between the male parent-offspring and the female 
parent-offspring correlations. It seems most reasonable, at the moment, to 
assign these differences to peculiarities of the sample rather than to set up 
genetic hypotheses in explanation. The midparent-oftspring correlations 
suggest a blending type of heredity to be operative, partly at least, in the 
production of eye color. There is no evidence in the correlations suggestive 
of sex linkage, of maternal influence (contrariwise paternal influence is 
suggested), or of the dominance of brown over nonbrown. The analysis of 
association by the chi-square method substantiates the findings of correla- 
tion. Differences between x? values and the derived C values are less strik- 
ing than those of correlation. 

The question of dominance of brown over nonbrown may be tested by 
examining the offspring of completely brown-eyed parents. Fourteen par- 
ents, four male and ten female, rated grade 7, were paired in the seven pos- 
sible mating combinations. In the first group (PP=1x7) three of the 
brown-eyed parents are females and one a male. All of the male offspring, 
three at grade 2, one at grade 4, and one at grade 7, have brown-eyed mothers ; 
the female offspring of grade 2 has a brown-eyed father. Two families are 
shown with parentage 2 x 7; in one the father is graded 7 and his son 6; in 
the other the mother is at 7, two sons at 1, one son at 2, and one daughter at 6. 
Three families containing four male and one female children have parents 
3x7. In one family father and son are 7, in another the mother is 7 and 
the daughter 5, and in the last the mother is 7 with three sons at grades 1, 
2, and 5, respectively. Inthe 4x7 matings the female parent is at 7 in each 
case and one male offspring is at 2 and one female offspring at 4. There are 
two two-child families with parentage 5x7. In the first the father is brown- 
eyed with daughters grading 2 and 7 and in the second the mother is brown- 
eyed with sons at 5. Mother and son are grade 7 in the only family of 
parentage 6 x 7. 

There can be no doubt, in view of the distribution of brown pigment 
among children who have one brown-eyed parent, that there is no simple 
dominance of brown over nonbrown in the inheritance of human eye color. 

From the details cited above, and further verified by an examination of 
the complete data presented in Table ITI, it is equally clear that the postula- 
tion of sex linkage, of sex influence, or of maternal influence is not warranted. 

No further analysis needs be presented to test a single gene hypothesis. 
Examination of Table II fails to reveal any evidence of segregation in any 
systematic proportion such as would be necessary to support a single gene 
proposition. One may postulate with assurance that the inheritance of 
brown versus nonbrown eye color is controlled by multiple factors and leave 
for further research the ascertainment of the number and mode of operation 
of the several genes involved. 


BYRON 


TABLE III 


O. HUGHES 


C.L.V.B. 


DETAILS OF EYE-COLOR GRADE FOR BROWN IN PARENTS AND OFFSPRING ARRANGED BY 


FAMILIES ACCORDING TO GRADES OF PARENTS 


The age in years follows the eye-color grade of each child; A indicates Adult 


Heredity 
Clinie Father Mother Sons Daughters 
Number 
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30 3 i 3 (10) 
ea 1 3 1(18) 
19 3 ) 2(9)  1(5) 
22b 1 3 ICA) BCA 2(A) 
2(A) 3(A) 
39 4 i 2(12) 
46 1 4 4(13) 
93 4 ll 4(8) 
mo 1 4 2(8) 2(11) 
oo 4 t 2(14) 1(A) 
wieed ih 4 1(9) 1(5) 
22¢ 1 4 1(3) 1(5) 
73 4 it 5(17) 5(14) 1(10) 1(4) 
70 1 4 9(12 1(9)  1(5) 
83 5 1 5 (12) 
ae : 5 1(9) 
5 29) 27 
a F 5 2 (13) wae 
3 1 6 10) 2G) 5(9) 
y : 6 2( 1(8) 
S 1 6 @(11)  2(11) 
ge 7 1 2(10) 
37 ik 7 7(13) 
Ae ; 7 2(7) 4(5) 
a 1 if 2(11) 22) 
47 2 Dy) 1¢ 
49 2 2 2(11) 
51 2 2 Sas 
a5 2 2 2(12) 
86 2 9 2(7) 
20 2 2 1(8)  2(3) 
= 2 2 1(11) 2(10) 
iS 2 2 111) 1(13) 
: 2 2 2(11) 2(4) 
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INHERITANCE OF EYE COLOR IN MAN 


TABLE I11—(Cont.) 


Heredity 
Clinie Father Mother Sons Daughters 
Number 

24 2 2 2(10) 5(8) 
80 2 2 2(11) 1(9) 

2 2 2 2(12) 2(18) 3(16) 

2(14) 
oes 2 2 1(10) 25) 
L@ 
62 2 2 4(10) 2(6) 
66 2 2 2(11) 1(13) 2 (10) 
34 3 2 3(11) 
42 2 3 3(8) 
oil 2 3 3 (12) 
99 2 3 3(9) 
60 3 2 2(10) 
23 3 2 
63 2 3 3 (4) 2(12) 3(10) 
3(8) 1(6) 

31 2 4 GD) 
56 4 2 2(11) 
57 4 2 6 (14) 

6 2 4 2(7) 5(10) 4(5) 
12 4 2 3(9) 4(7 

8 2 4 4(14) 7(12) 
us + 2 4(8) 5(6) Gl) eS) 
ee 4 2 a) axG) 

5(6) 
75 4 2 6(18) 1(13) 
29 5 2 5(14) 
33 5 2 3(10) 
sath 2 5 2(13) 2(9) 
79 2 5 3(13) 4(11) 
3(8) 
38 2 6 2(12) 
21 2 6 3 (13) 4(15) 
28 7 2 (9) 
67 2 il 28) Li) 6 (6) 
(3) 
48 3 3 (9) 
61 3 3 4(11) 
88 3 3 4(11) 
90 4 3 3(10) 
27 4 3 5(14) 4(12) 1(8) 
Ie 4 3 3 (6 6(9) 
80 3 4 4(9) 4(4) 
50 3 5 1(6) 
53 5 3 4(11) 
55 5 3 2(13) 
ae 3 5 3 (20) 

4 3 5 2(15) 2(13) 3(11) 
ee 3 if 5 (14) 
64 7 3 7 (14) 

5 3 if 1(10) 2(8) 

5(6 
13 4 4 6(12) 4(7) 
a 4 4 5(11) (9) 
41 5 4 5 (13) 
92 4 5 (9) 
77 4 5 5(8)  5(5) 
al 5 4 5(14) 5(9) 5(11) 
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TABLE III—(Cont.) 


DETAILS OF EYE-COLOR GRADE FOR BROWN IN PARENTS AND OFFSPRING ARRANGED BY 
FAMILIES ACCORDING TO GRADES OF PARENTS 


Heredity 
Clinie Father Mother Sons Daughters 
Number 
69 6 4 5(12) 6(10) 
44 4 7 2(13) 
85 4 7 4(10) 
18 5 5 2(5) 
82 7 5 2(12) 7(8) 
25 5 if 5(13) 5(10) 
36 6 7 7(13) 


SUMMARY 


The inheritance of brown and nonbrown pigment has been studied quan- 
titatively insofar as quantity may be appraised by visual techniques without 
the aid of specialized measuring tools. 

The data were obtained from 107 families with a total of 212 children. 
The racial ancestry may be classified as North European. 

The method of analysis was statistical, using correlation and y? as the 
basic techniques. 

The many sampling irregularities indicate the need for more extensive 
data. 

A multiple factor type of inheritance of brown versus nonbrown eye- 
color is indicated. 

Dominance of brown over nonbrown pigment, sex linkage, and sex influ- 
ence are contraindicated. 
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INTRODUCTION 


THE stocks of deer-mice described in this report are the laboratory-bred 
descendents of animals taken at localities scattered over an area of consider- 
able geographic extent in the northern Rocky Mountains region. The col- 
leeting stations lie in Idaho, Montana, Utah, and Wyoming. This area is 
highly diversified ecologically and includes such vegetational types as grassy 
plains, sagebrush-covered canyons, lowland conifer forest, and timberline 
forest. It is not surprising, therefore, that the deer-mice living in the 
region exhibit considerable geographic variability in their body dimensions 
and pelage color. 
ACKNOWLEDGMENTS 

The stock of deer-mice from Arco was collected by Philip M. Blossom. 
Olaus Murie collected the stocks from Bear Lake and Logan Canyon. The 
stock from Flat Creek was secured by Adolph Murie. All the other stocks 
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was completed in the Laboratory of Vertebrate Biology. 


METHODS 


All the mice herein described were born in the laboratory. After being 
reared under standard conditions to an approximate age of one year they 
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were killed by ether and prepared as specimens (Dice, 1932: 5-7, 19-22). 
The body measurements were all made by myself. The measurements of 
the skull and femur and also the color readings have been made by various 
assistants. Donald M. Clarke carried out the statistical calculations. 

The importance of the difference between any two comparable means is 
usually evaluated statistically by use of the standard errors. This method, 
however, suffers from the difficulty that the magnitude of the standard error 
changes with the size of the sample. If the samples are made very large, 
practically every animal population can be shown to differ significantly from 
every other population. The difference between the means of two popula- 
tions, for any particular measurement, might, therefore, be statistically sig- 
nificant when it is so small as to be of negligible ecological importance. 

The standard error is nevertheless a useful statistic for comparing the 
means of the Peromyscus measurements. The animals included in each 
laboratory stock usually number between twenty-five and one hundred, and 
the standard errors of the several stocks, therefore, are roughly of about the 
same order of magnitude. In my studies of variation in Peromyscus I have 
employed a rather high standard of significance when making comparisons 
between means. No difference between two means that is less than 2.7 times 
the standard error of their difference is considered to be significant (Dice 
and Leraas, 1936). This procedure minimizes to some degree minor differ- 
ences between the means. 

Significance, used in a statistical sense, however, is only a measure of the 
probability that the difference between the means compared is a deviation 
that is not due to chance, and it is not a measure of the degree of divergence 
between the populations under consideration. To measure the degree of 
divergence between populations for any particular measured character, the 
standard deviation may be employed. This statistic has the advantage that 
it remains practically constant no matter how many individuals are included 
in the sample of the population from which it is derived. 

In a symmetrical frequency curve 68.3 per cent of the measurements of 
any population should fall within one standard deviation above or below the 
mean. Conversely, 31.7 per cent of the measurements will fall farther from 
the mean than one standard deviation. Half of these measurements may be 
expected to be above the mean and half below it. Accordingly, slightly less 
than 16 per cent of the measurements will be greater than the mean plus one 
standard deviation and slightly less than 16 per cent will be less than the 
mean minus one standard deviation. 

If for any given measurement the mean of one population plus once its 
standard deviation should be exactly equal to the mean minus once the 
standard deviation of another population, then only 16 per cent of each 
population would overlap in the resulting frequency curve. This curve 
would, of course, be bimodal, and 84 per cent of each of the two populations 
could be separated from the other on the basis of this measurement (Hubbs 
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and Perlmutter, 1942). Should the means of the two populations compared 
differ by an amount greater than the suni of their respective standard devi- 
ations, the amount of overlap of the two curves will be less than 16 per cent. 
The standard deviation when used in this way, therefore, gives a valuable 
measure of the degree of divergence between populations. A precise esti- 
mate of the amount of overlap between any two populations may if desired, 


be calculated from the two standard deviations, but this will seldom be 
necessary. 
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Map 1. Part of the northern Rocky Mountains region, showing collecting localities 
for the stocks of deer-mice. 


COLLECTING STATIONS 


Breeding stocks of deer-mice for this study were secured at the following 
localities (Map 1). 

Arco. On the cinder-covered slopes of Grassy Cone, at the northwest 
boundary of the Craters of the Moon National Monument, twenty-six miles 
southwest of Arco, in Butte County, Idaho. 

Avalanche Creek. In heavy cedar forest at Avalanche Creek Camp 
Ground, Glacier National Park, fifteen miles northeast of Belton, in Flat- 
head County, Montana. 
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Bear Lake. Ina short, steep canyon four miles east of the southern end 
of Bear Lake, in Rich County, Utah. 

Flat Creek. At an elevation of about 9500 feet, near timberline, on the 
divide between Flat Creek and Granite Creek, nine miles east of Jackson, 
in Teton County, Wyoming. 

Lewistown. Two anda half miles west of Lewistown, in Fergus County, 
Montana. 

Logan Canyon. In Logan Canyon, twenty miles by road from Logan, 
in Cache County, Utah. 

Miles City. Along Spring Creek, thirteen miles by road east of Miles 
City, in Custer County, Montana. 

Polson. Along the shore of Flathead Lake, just west of Polson, in Lake 
County, Montana. 

Sandpoint. Four miles south of Sandpoint, in Bonner County, Idaho. 

Thompson Falls. In the valley of the Clark Fork of the Columbia four 
miles northwest of Thompson Falls, in Sanders County, Montana. 


VARIATION IN SIZE 


The greatest difference in dimensions between the ten laboratory-bred 
stocks of deer-mice here compared is in length of tail (Table I). The 
Avalanche Creek, Sand Point, and Thompson Falls stocks have relatively 
long tails, and the Arco, Lewistown, and Miles City stocks have short tails. 
The mean of this measurement for any one of the three long-tailed stocks 
exceeds the mean of any one of the short-tailed stocks, with one exception, 
by an amount greater than the sum of the standard deviations of the two 
stocks compared. The difference between the Thompson Falls and Arco 
stocks (9.73 mm.) is slightly less than the sum of their standard deviations 
(9.86 mm.). The differences in means between the long-tailed and short- 
tailed groups of deer-mice are very striking. The Avalanche Creek stock, 
which has the highest mean for this measurement, averages 81.10 millimeters 
in tail length, and the Miles City stock, which has the shortest tail, averages 
only 60.94 millimeters. The Miles City mice, however, have a distinctly 
shorter tail than the other mice of the short-tailed group, both those from 
Lewistown, which have a mean tail length of 64.63 millimeters, and those 
from Arco, with a mean of 68.51 millimeters. The remaining four stocks, 
those from Polson, Flat Creek, Logan Canyon, and Bear Lake, are inter- 
mediate in tail length. 

The ears of these stocks of deer-mice also exhibit important differences 
in size. The stocks from Polson, Avalanche Creek, Thompson Falls, and 
Sand Point average longest in ear length, and those from Miles City and 
Lewistown average shortest. The differences in this dimension between the 
members of the large-eared and small-eared groups are greater than the sum 
of the respective standard deviations of any two means that may be com- 
pared. The ear length of the Polson mice, which are largest in this measure- 


No. 28 


TABLE I 
latus FROM THE NORTHERN Rocky MouNTAINS AREA 


YSCus MaNnieUu 


MEASUREMENTS OF Perom 
Means, standard errors, and standard deviations for 1-year age class, both sexes, 


in millimeters 


VARIATION IN NORTHERN 


ROCKY MOUNTAINS REGION 


eee 
oO : ce 
S68 
wd is : 
8 eg ida Eb 
~ adoiso 9 
mM oo nm 20's 
Sssdo0qgh§a + 2 
= 8 i aS 
Bs Siro Sirs cc 2S 
SRRSEES bee 
o ios} qe 
S4hAOR SHa 8s 
u a cS) 
s cS) % 


ig 
io 
: mB 
ae 
sO 
re 
S 5 & 
HOO 
404 


isiae 


artem 


LOLOL LO! (ONL™N. LE LONLES LON LN ION LON, (Be FE SING 
Laomat KK aro CHOKM CSO WANA 
Ank-mAM HH AH AQAtmhHwn BH won 
a SOOT OG Hs ES ser || Fre oe SIP GY CH Cua 
ob ACOnKHH On ona / a RID 19 Hoa 
a HORAN Oh COR /|E MAMMA MA AA 
Ey TE Nee Te rn eae SSSo9S5 353 S3e°o 
eS +1+l+l4itl ot1+h ti ti4i | oS +141 th4i +) i+) 414i 4 
s AtANHO MO WHOA! SAMNRO MO DO 
& MAMAAM=ON OMNMO Anon N COM WH 
RAgtwry So gm | A eS mel ee SHE Caen ls 
Cc & CO CO CO | a ad co OO & Vs rea! Gea Sirk Sis is) 
re retire ret r nr reat rt ere ret tir la! Lee teel inal i 
SON ON NGO, No Qe NN NN ONS Ae IN 
a OHWomnr rt OCHON SCkKMNHO CH HAD 
So manos on comeor a SH 1 1 60 10 RS) 11a A 
4 CC CE SE AS See Concer CS) Ges eG sen — He vory  SoiGalGo) 
oO V@wH7$nN4we weYy eerw, sp eS a wes" WwVee"7we 
4 ShRNMAM OM MHI |] B® HORAK OO AHH 
ie De SIR OO Omnr | N OHOMH Of HKH 
S SSScHsS SS SHS] oO SoS So SoS 
2 Se 4S SiS. | ee 2 SESS = 222 
al +l +1 +1 +1+ +1 +1 +1 +1 +1 aay cates ell cs Sil +] +1 +1 +1 +1 
mo SHMODS Oh ONES |] | SIOMROH MO KAD 
8 SHReR aw wom | & HOndnH ON RROD 
; Cepesilme GD | aR ima Ort esl lhie) Spoils ae tel i 
aa SS a ao SOS eo oe oe Le et a ad 
NANA A mn CON ee ON be a ie etm] Va) ed 
LOIN EIN ONTOS CNA SN [as] CLS aN RT att Cie aan LION 
MANOS HO SOnMo| sy ARBWOHS ORD HnN® 
a HOMUnSO AM OHK |] OA~HO AN Hoo 
=> Hodtdid ioe His |] sti Comey cy at) CB 
Sy SY] WS we” we SY WS” @ S$ SN S4 9 wees ween" 
© Hott RH wHtS A DADNG® HH Sr 
ey OSMOrD Ot Hos] Y LDOAS AS SOO 
= Hipster ha). rer ee loa ee ee 
ri : : 
3 CMmKow cm H HOO 2 S ol icr oh Grn arp ita | +1 +1 +I +1 +1 
BH HMONN SOG WMT i BLS wa Oo 
dca Oy Cd acs } Obs ee 
MmnHinow =) Onn 
Oorror o8 COL a CQ rouelceens UeiOcy inal Sev iee 
dxoidtixixtt 4s wots 
—— o ANNAN AN ANN 
RN BS ANN ae Y SPN aa (GET tam Cai 
CANKA AM ON 
= Sian ara hae gate pas SOESK Ba Sra 
29 Re IRDA: RNS Pacer ac) Mot ROo SO AO 
q eae tH oH Hod Wo 
Lael 
be s4gigial 44) 4] | BYSSS BI Sas 
+1 +1 + 4 10 
= wt w0o wow] se sosese Se See 
[aa EGS CCR Shia res S +141 4ititi titi +14 + 
bh 10 190 Oe oo co co 
DARWAA SH AAG SSS3S SE Sos 
- SAAS WR AO’ 
SSESSS OS WS19 
Se Oc Oo Oh | rr Vent krenl mt! 
nm 
Hy 
oF IDOIDH OS 190 61900 
OH ri Les! ina aN “—~—n —~aN 
ya OHOOR MH NOD 
a SoHo 190 THRO 
DOMINO OO ©1919 
I a, wes” we ews” 
ag Bll isecads Bement 
BaD Hinigloadtd mm ONO 
ogo ID H19 19191} 1s LH 1H 5 esses se Sense 
Ade cs +1441 44) +141 +1414 
HO oO be oD CO riwcsod 
D190 Or HH Sy Ss © OD 1D 
kote AaAAKAN HA SH 
C ACanr na SS ES es Sis OOS 
s HOR DA CO ANS LS ee ee ee 
peers: Pee eee eS 


ei ae és 
Dee i te fee eee 
He ai cS i EB ©) 
Sl edie a a 
os isa Bb 48 
do iso B= He) 
Se, EEE! 
BO gue Me eed 
SRAEQSSELS SS & 
ESSRaGSSH SHES 
4h HH SHA 80H 
3 aH 


6 LEE R. DICE O.L.V.B. 


ment, averages 18.812 millimeters, and that of the Lewistown mice, which 
are smallest, averages 17.063 millimeters. 

None of the other body measurements and none of the measurements of 
the skull or femur differ between the several stocks in any consistent and 
important way. Only in length of mandible and in the condylo-zygomatie 
measurement of the skull are the means of the Avalanche Creek mice greater 
than those of the Logan Canyon mice by amounts that are greater than the 
sums of the two respective standard deviations. 


TABLE II 
PELAGE CoLor or Peromyscus maniculatus FROM THE NORTHERN ROCKY 
MountTAINS AREA 


Mean tint-photometer readings, standard errors, and standard deviations for 
l-year age class, both sexes, in per cent 


Dorsal Stripe 
Stock 
Red Green Blue-violet 
artemisiae 
Avalanche Creek .............. 8.21 + .20 (1.26) 6.12+.15 (.98) 4.76+.13 (.84) 
Mlat) Oréek Gace sccteunce 9.60 + .23 (2.06) 6.94 + .18 (1.81) 5.19 + .14 (1.57) 
OISG Mites Seine Rp ore 9.56 + .12 (1.08) 7.58+.11 (.98) 5.84+.10. (.90) 
Sandee: din tees rs 7.64 + .28 (1.56) 6.00 + .22 (1.24) 4.68+.17 (.96) 
Thompson Falls ............ 7.65 + .12 (1.21) 5.88 + .10 (1.02) 4.47+.09 (.84) 
osgoodt 
IEC WiStOwWileeeteen ee 10.27 +.17 (1.34) 7.85 + .16 (1.28) 5.67 + .13 (1.04) 
Male sa Cityimeer cra eee 13.54 + .27 (2.23) 10.37 + .21 (1.77) 7.89 + .17 (1.41) 
sonoriensis 
INGLE Wa deren ioe ren ae 9.51 + .17 (1.83) 7.34 + .14 (1.46) 5.51 +.11 (1.11) 
Bear Lake ........ 12.27 + .27 (1.52) 9332.16) GOs) 7.09 + .17 (1.00) 
Logan Canyon 11.68 + .20 (1.54) 8.97 + .17 (1.30) 7.08 + .17 (1.28) 
Side Stripe 
artemisiae 
Avalanche Creek ............. 16.07 + .31 (2,01) 11.93 + .26 (1:67) 9.14 + .23 (1.51) 
At CLG Kw eeateertccit 18.95 + .21 (1.86) 13.68 + .17 (1.89) 9.84 +.15 (1.47) 
Polson 17.43 + .24 (2.26) 13.86 + .21 (1.93) 11.23 + .19 (1.75) 
Sand Poin pe to.002 3201279) 11.58 + .22 (1.24) 9.26 + .20 (1.11) 
Thompson Falls ............. 14.96 + .19 (1.91) 11.37 + .15 (1.46) 8.62 + .12 (1.18) 
osgoodi 
Ue wiScOwl ee neers 19.72 + .34 (2.66) 14.55 + .28 (2.20) 11.10 + .24 (1.85) 
BoB CIE: cacao 24.83 + .389 (3.25) 18.81 + .27 (2.27) 14.26 + .22 (1.83) 
sonoriensis 
FAT COMM En nee esa 18.61 + .24 (2.58) 14.22 + .19 (1.97) 10.98 + .15 (1.60) 
Bear Lake .... . | 22.94+.40 (2.32) 18.00 + .33 (1.92) 13.55 + 32 (1.83) 
Logan Canyon o.ccccccccce 22.43 + .24 (1.84) 16.62 + .22 (1.68) 12.68 + .19 (1.50 ) 


It will be noted that the Avalanche Creek, Sand Point, and Thompson 
Falls stocks are notable for both long tails and large ears, when compared 
to the other stocks here described. Likewise, the Miles City and Lewistown 
mice have both short tails and small ears. On the other hand, the Arco mice, 
which have fairly short tails, rank only intermediate among the other stocks 
in ear size. Furthermore, the Polson mice, which average large in ear size, 
rank only intermediate among the stocks in length of tail. 
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VARIATION IN PELAGE COLOR 


The pelage of the Miles City, Bear Lake, and Logan Canyon mice is rela- 
tively pale compared to that of the other seven stocks. This is shown by 
their high average tint photometer readings. On the other hand, the 
Thompson Falls, Sand Point, and Avalanche Creek mice are relatively dark, 
as shown by low readings. The difference between any given mean color 
reading for any one of the pale stocks listed and the comparable mean of 
any one of the dark stocks is greater than the sums of the two respective 
standard deviations. This is true for each color screen, red, green, and 
blue-violet, and for both dorsal and side stripes. The other four stocks, 
those from Lewistown, Flat Creek, Arco, and Polson, are intermediate in 
shade of pelage (Table II). 


TAXONOMIC RELATIONS OF THE STOCKS 


The stocks of deer-mice from Sand Point, Thompson Falls, and Avalanche 
Creek agree in being dark in pelage and in having long tails and large ears, 
when compared with the other seven stocks here described. The three col- 
lecting stations named lie within the geographical range assigned to the 
subspecies Peromyscus maniculatus artemisiae (Osgood, 1909 : 58-60; Davis, 
1939, Fig. 23), and their characters agree with the diagnosis of that form. 
Measurements of another stock of artemisiae from St. Mary, Glacier Park, 
Montana, have previously been given by Murie (1933). Murie’s animals, 
however, were not bred in the laboratory, and his measurements, therefore, 
are not exactly comparable to those of the stocks here described. The St. 
Mary mice, nevertheless, agree with the mice here assigned to artemisiae in 
having relatively long tails, large ears, and dark pelage color. 

The subspecies artemisiae is an inhabitant of the conifer forests of the 
northern Rocky Mountains in western Montana, northern Idaho, eastern 
Washington, and the adjacent parts of British Columbia. The type locality 
is Ashcroft, British Columbia. The subspecies has been identified as far 
south as the Blue Mountains of southeastern Washington. Measurements 
have previously been given of laboratory-bred stocks from Pullman, Lyons 
Ferry (north side of Snake River), Palouse Falls, Dayton, Hompeg Falls, 
and Godman Springs, in Washington, and from Troy in Idaho (Dice, 1939: 
21). There are, however, considerable differences between these several 
stocks, and not all of them combine the characters of long tail, large ear, and 
dark pelage color. 

The mice from Miles City differ from artemisiae by having relatively 
short tails, small ears, and pale pelage. They may be assumed to represent 
the subspecies osgoodi (Mearns, 1911), whose type locality of Calf Creek, 
Custer County, Montana, is in the same county as the Miles City collecting 
station. The subspecies osgoodi, which was discussed by Osgood (1909: 75) 
under the name nebrascensis, occupies a considerable range in eastern Mon- 
tana and in the neighboring states and provinces. It is in general an inhabi- 
tant of semiarid grass or sagebrush-covered plains and foothills. 
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Laboratory-bred stocks of deer-mice assigned to the subspecies osgoodt 
have previously been described from three localities in northeastern Utah 
(Leraas, 1938), from several localities in western North Dakota (Dice, 1940), 
from one locality in eastern Wyoming and one in western Nebraska (Dice, 
1941), and from several localities in the Black Hills region of South Dakota 
and adjacent Wyoming (Dice, 1942). In addition, Murie (1933) has given 
the measurements of a stock captured alive at St. Mary, on the eastern side 
of Glacier Park, Montana, and reared to maturity in the laboratory. These 
several stocks of osgoodi differ considerably among themselves in dimen- 
sions and in pelage color. They, however, in general agree in having rela- 
tively short tails and pale color when compared to artemisiae. 

The Polson locality lies within the range of artemisiae, though it is in a 
wide valley that is mostly covered by grass rather than by conifer forest. 
The mice average significantly smaller than the Avalanche Creek, Sand 
Point, and Thompson Falls stocks in tail length, but exceed those stocks 
slightly, though not significantly, in ear length. For neither measurement 
are the differences between the means as great as two standard deviations. 
The Polson mice on the other hand exceed the Miles City mice significantly 
in both tail length and in ear length, and the differences are greater than the 
sums of the respective standard deviations. In tint photometer readings of 
pelage color the Polson mice average more or less intermediate between 
artemisiae and osgoodi. On the basis of their dimensions and geographical 
origin they may be assigned to artemisiae. The paler color of their pelage 
compared to that of the mice of the other artemisiae stocks is perhaps corre- 
lated with the scantiness of forests in the vicinity of their collecting station. 

The Lewistown locality lies on the eastern margin of the range of 
artemisiae. The situation is partly surrounded by mountains. - Conifer for- 
est here alternates extensively with grass-covered hills. The collecting sta- 
tion itself was in open fields. The mice of this stock average small both in 
tail length and ear length, and their means do not differ significantly from 
those of the Miles City mice. In pelage color they are somewhat intermedi- 
ate between artemisiae and the Miles City osgoodi, but their tint photometer 
readings are closest to those of the Miles City mice. The Lewistown stock 
may accordingly be assigned to osgoodi, though it is not fully typical in 
color. 

The Flat Creek locality is in northwestern Wyoming, south of Yellow- 
stone Park, and considerably southeast of the main range of artemisiae. 
Osgood (1909: 61), however, assigns specimens from this region to that sub- 
species. The Flat Creek mice significantly exceed both the Lewistown and 
Miles City mice in tail length and ear length.: The difference in their tail 
length from that of the Miles City mice exceeds the sum of the two respec- 
tive standard deviations, but their difference from the Lewistown mice is not 
so great. The difference in ear length between the Flat Creek and the Miles 
City and Lewistown mice is less than two standard deviations. The Flat 
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Creek stock is significantly exceeded in both tail length and ear length by 
the four stocks of this group already assigned to artemisiae, though the dit- 
ferences between the means are not as great as the sums of the respective 
standard deviations. In tint photometer readings of pelage color the Flat 
Creek mice are intermediate between the stocks of artemisiae and the Miles 
City osgoodi. On the basis of their rather long tails the Flat Creek mice 
may be assigned to artemisiae, but they are not typical of that subspecies 
either in measurements or pelage color. 

The Arco locality falls within the range of the subspecies sonoriensis 
(Davis, 1939, Fig. 23). This subspecies is said by Osgood (1909: 75, 89-94) 
not to differ greatly in color from osgoodi (there called nebrascensis), but 
to be somewhat larger in size and to have a longer tail. 

The differences in dimensions between the mice of the subspecies osgoodi 
and sonoriensis, however, are not very conspicuous nor always consistent. 
Compared to a stock of undoubted sonoriensis from Miller Canyon, Arizona 
(Dice, 1938a), from only a short distance northeast of the type locality of 
that subspecies, the Miles City osgoodi do not differ significantly in the 
means of either body length or of tail length. The Miles City mice have the 
larger ears, the difference in means being 0.390 + .110 millimeters, which is 
statistically significant. The differences between the two stocks in pelage 
color readings are not consistent, the Miles City mice averaging darker than 
the Miller Canyon mice on the dorsal stripe but paler on the side of the body. 
There is, therefore, no important difference either in body dimensions or in 
pelage color between these two laboratory-bred stocks representing, respec- 
tively, osgoodi and sonoriensis. 

The Arco mice are appreciably darker than osgoodi from Miles City, as 
shown by their significantly lower tint photometer readings (Table II). 
The Arco locality, however, is in an area where there is a considerable 
amount of dark lava, and it is likely, therefore, that a dark local race of 
these mice has developed in that vicinity. There is no significant difference 
in body length between the Miles City and Arco stocks. The Arco stock 
significantly exceeds the Miles City stock in both tail length and ear length, 
though for neither measurement is the difference between the two respective 
means as great as the sum of their standard deviations. 

Compard to sonoriensis from Miller Canyon, the Arco mice do not differ 
significantly in body length, but are significantly the larger in tail length 
and are considerably the darker in pelage, both on the dorsal stripe and on 
the side of the body. <A stock of sonoriensis from Victorville, California 
(Dice, 19380, Tables III and IV), significantly exceeds the Arco stock in tail 
length, ear length, and in readings of pelage color. This Victorville stock, 
however, was considerably inbred in the laboratory, and it may not well 
represent the wild population in that part of the Mohave Desert. 

The Arco stock is therefore assigned to the subspecies sonoriensis because 
of the geographical position of the locality, rather than because of any im- 
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portant demonstrated difference in characters from the mice of the sub- 
species osgoodi. The Arco stock, furthermore, may be assumed to represent 
a dark but probably weakly differentiated local race. 

The Bear Lake and Logan Canyon localities are both in the canyons of 
northeastern Utah, where grass and sagebrush alternate with shrubby 
thickets and with stands of juniper and other trees. The mice of both these 
stocks average more or less intermediate in tail length and ear length between 
artemisiae and the Miles City osgoodi. In pelage color they also are inter- 
mediate, but closest to the Miles City stock. The differences in tint pho- 
tometer readings between them and the Miles City mice are statistically 
significant for most color comparisons when measured by the standard 
errors, but are always less than the sum of the two respective standard devi- 
ations. On the contrary, the differences in mean tint photometer readings 
between the two Utah stocks and those of the subspecies artemisiae from 
Sand Point, Avalanche Creek, and Thompson Falls are always greater than 
the sum of the two respective standard deviations. 

Compared to a stock of laboratory-bred mice from Little Spring, Arizona 
(Dice, 1938a, Tables III and IV), which may be assumed to be the type 
locality of rufinus, the two Utah stocks average considerably longer in tail 
length. In ear length the Little Springs stock averages the longer, but the 
differences from the Utah stocks are not very great. In pelage color the 
Utah stocks are considerably paler than the Little Springs stock, and the 
differences in tint photometer readings are of high statistical significance. 
On the basis of pelage color, therefore, these two Utah stocks cannot be 
referred either to artemisiae or rufinus. 

Compared to sonoriensis from Miller Canyon, Arizona (Dice, 1938a, 
Tables III and IV), the two Utah stocks average significantly longer in tail 
length and ear length. In tint photometer readings for dorsal stripe red the 
Utah stocks average significantly lower than the Miller Canyon stock, but 
there is very little difference between them in the color of the side of the 
body. 

The Logan Canyon and Bear Lake mice are rather close to the Arco mice 
in their characters. They do not differ in any important way in ear length 
nor tail length. The Utah stocks are slightly paler than the Arco stock in 
pelage. The differences in tint photometer readings are statistically signifi- 
cant when measured by the standard errors, but are not so great as the sums 
of the respective standard deviations. 

The Bear Lake and Logan Canyon stocks also closely resemble some of 
the stocks from the Uinta Mountains region, northeastern Utah, assigned by 
Leraas (1938) to osgoodi. There is, however, so much variability among 
the deer-mice living in this ecologically diversified region, that any precise 
delimitation here between the ranges of sonoriensis and osgoodi is impossible 
with the information at hand. Because of their relatively long tails as com- 
pared to the Miles City mice and their similarity to the Arco mice, the Logan 
Canyon and Bear Lake stocks are here tentatively assigned to sonoriensis. 
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DISCUSSION 


In the geographical area covered by the collecting stations whence the 
breeding stocks for this study were securéd the deer-mice are of two strik- 
ingly different types. The geographic race or subspecies called artemisiae 
is a dark, long-tailed, and large-eared form, which is mostly restricted to the 
conifer forests of the mountains. On the grass-covered or sage-brush-covered 
plains and hills most of the deer-mice are pale in pelage color and have rela- 
tively short tails and small ears. They are assigned to the two subspecies 
osgoodi and sonoriensis. The tail of sonoriensis is said to average slightly 
longer in length than the tail of osgoodi, but the differences in the characters 
of these two forms are not well marked. 

The several laboratory-bred stocks assigned to the same subspecies often 
differ considerably from one another in their average dimensions and pelage 
color. Considerable variations from place to place in the characters of the 
field populations of these deer-mice are thereby indicated, even within the 
range of a single subspecies. A few stocks are more or less intermediate 
between two adjacent subspecies, and their exact subspecific assignment has 
had to be made more or less arbitrarily. 

Where the ranges of artemisiae and osgoodi meet at the western border 
of the mountains at Glacier Park, Montana, these two forms do not inter- 
breed, and they occupy different types of habitats (Murie, 1933). It is, 
however, not certain that the two forms are everywhere so sharply separated. 
It is possible that there is interbreeding between them at some places where 
the two forms meet north or south of Glacier Park. 

The long tail of the subspecies artemisiae is probably an adaptation for 
semiarboreal life in a forest habitat. The shorter tails of the subspecies 
osgoodi and sonoriensis may likewise be an adaptation for cursorial life in 
open fields. There is no evidence at hand, however, to prove that length of 
tail actually is an important factor in the survival of either of these forms. 
Neither is there any evidence that the differences in the size of the ear that 
distinguish these forms are of adaptive significance. 

The prevailing dark pelage of the subspecies artemisiae is undoubtedly 
correlated in general with life in heavy conifer forest. Likewise, the paler 
pelages of osgoodi and sonoriensis are probably correlated with life in more 
sparsely vegetated habitats. 

The climate of the montane-forest belt that is the home of artemisiae 
undoubtedly differs in important respects from the climate of the lower belt 
that is the habitat of osgoodi and sonoriensis. The climate of each belt 
undoubtedly determines the type of vegetation that grows there. On the 
contrary, there is no evidence that the climate in any way directly affects the 
characters of the deer-mice. 

The amount of humus in the soil at any given locality depends to a con- 
siderable degree upon the heaviness of the vegetative cover. It would be 
expected, therefore, that the surface soil would be darker in the habitat of 
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artemisiae than in that of osgoodi and sonoriensis. Soil samples, unfortu- 
nately, are available from only a few of the collecting stations where the 
stocks of mice here described were secured. The readings of the Miles City 
soil sample average 21.5 per cent for reflected red, and the Thompson Falls 
soil averages only 10.8 per cent. The Lewistown soil, however, also reads 
10.8 per cent for red, in spite of the fact that the mice from this station, 
though somewhat intermediate in pelage color, are assigned to osgoodi. The 
soil at the Polson station is still paler, with readings for red of 16.6 per cent, 
though the mice here are assigned to artemisiae. The soil at the Arco station 
averages 7.8 per cent of reflected red, this low reading being undoubtedly 
due to the presence of voleanic cinders. The mice of the Arco stock are 
somewhat darker than would be expected of sonoriensis. A dark-colored 
local race has presumably been evolved in that area, in correlation with the 
dark color there of the surface soil. This evidence, while not fully consis- 
tent, agrees in general with the thesis that the pelage color of the upper parts 
of the mice tends to vary in accordance with the color of the surface soil of 
their habitat (Dice and Blossom, 1937: 108). 

It may be concluded that the differences in characters between the deer- 
mice of the subspecies artemisiae and those of the osgoodi-sonoriensis com- 
plex are correlated with differences in the climate, vegetation, and soil color 
of their respective habitats. We have very little precise information, how- 
ever, about the manner in which any particular character of the animals is 
influenced by the environment, nor do we know much about how these 
correlations are brought about or maintained. 


SUMMARY 


Measurements are given of body dimensions and pelage color for labora- 
tory-bred stocks of deer-mice from ten localities in the northern Rocky 
Mountains region. 

The long-tailed, large-eared, and dark deer-mice of the geographic race 
Peromyscus maniculatus artemisiae are, in general, inhabitants of the mon- 
tane conifer forests. The shorter-tailed, smaller-eared, and paler mice of the 
races osgoodi and sonoriensis live mostly on the grass-covered and sagebrush- 
covered plains and lower hills. The differences in the characters of these 
two types of deer-mice are correlated with differences in the climate, vegeta- 
tion, and soil color of their respective habitats. The precise factors of 
environment and of organic response involved in producing these correla- 
tions are, however, largely unknown. 
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INTRODUCTION 


In number of species and subspecies the rodent genus Peromyscus outranks 
all other mammalian genera of North America. Most of its species are easily 
reared in the laboratory, and some are known to produce fertile species 
hybrids under laboratory conditions (Dice, 1940). Such qualities make this 
eroup of exceptional value for the study of mammalian variation at the 
species and subspecies levels. A search for serological differences between 
various Peromyscus species has been initiated by Moody, using anti-Pero- 
myscus immune sera of rabbits and various rodents. Differences in the 
serum proteins, such as were readily demonstrated between various rodent 
families and genera (Levine and Moody, 1939), could not be detected within 
the genus Peromyscus by means of ordinary precipitin tests. By means of 
the Schultz-Dale reaction, however, Moody (1940) was able to differentiate 
the serum of P. maniculatus gracilis from that of P. gossypinus palmarwus. 
The same author has also reported (1941) the separation of P. leucopus and 
P. maniculatus by means of agglutination tests with absorbed sera of rabbits 
immunized against Peromyscus cells. 

The present report deals with antigenic differences in Peromyscus eryth- 
rocytes which are demonstrable with normal human agglutinins. Although 
such preformed antibodies would not be expected to differentiate Pero- 
myscus antigens as readily as would the immune antibodies employed by 
Moody, the results of the preliminary tests described herein suggest that 
considerable differentiation may actually be secured. The ready availability 
of human sera constitutes a decided practical advantage. Moreover, the 
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antigens demonstrated by such sera are of added interest owing to the fact 
that some of them can be identified as related to the human isoagglutinogen 
B. Since the work of von Dungern and Hirschfeld (1911), it has been 
known that the B factor of human erythrocytes is represented by serologi- 
cally similar substances in the red blood cells of many other mammals. Like 
the human group substance A, the B agglutinogen is therefore a heterophile 
antigen of widespread occurrence. In man, the alcohol-soluble B factor of 
the red blood cells is determined by a gene, which is an allele of those for 
the A and O substances, and a second pair of genes (the ‘‘secretor’’ and 
‘“nonsecretor’’ factors) determines its concomitant presence or absence in 
water-soluble form. A further study of the B-like antigens of Peromyscus 
should prove of interest in connection with the genetics and evolution of 
these substances. 

Other human agglutinins which may serve for the separation of certain 
Peromyscus species are apparently present in most or all normal human sera, 
irrespective of blood group. These are therefore inactive against human red 
blood cells and are designated as heteroagglutinins. 

The mice used in the investigation were mostly taken from stocks avail- 
able in the Laboratory of Vertebrate Biology. JI am especially indebted to 
Elizabeth Barto for collecting the blood samples and to Dr. Alexander S. 
Wiener, who provided the author with several testing sera and offered valu- 
able suggestions. Paul A. Moody kindly donated several specimens of P. 
gossypinus. The study was supported in part by the Horace H. Rackham 
School of Graduate Studies. 


MATERIALS AND METHODS 


Hight species of Peromyscus are represented in the various tests to be 
described. Since F, hybrids of maniculatus and polionotus were available 
for testing, these two species were sampled somewhat more adequately than 
the others. The term cenospecies (Blair, 1943), used in the following list 
of species, corresponds essentially to the species group of previous authors. 


Peromyscus 


Subgenus Haplomylomys 
eremicus cenospecies 
P. eremicus eremicus, from Carrizozo, New Mexico 
crinitus cenospecies 
P. crimitus crinitus, from St. George, Utah 


Subgenus Peromyscus 
maniculatus cenospecies 
P. maniculatus exiguus, from San Martin Island, Baja California 
P. maniculatus blandus, from Alamagordo, New Mexico 
P. mamculatus (various subspecies, including complex hybrids of arte- 
misiae, bairdu, gambeli, nebrascensis, rubidus, and sonoriensis ) 
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P. polionotus leucocephalus, from Santa Rosa Island, Florida 

P. polionotus (various subspecies, including complex hybrids of albifrons, 

leucocephalus, polionotus, and rhoadsi) 

F’; hybrids of P. maniculatus and P. polionotus 
leucopus cenospecies 

P. leucopus noveboracensis, from Ann Arbor, Michigan 

P. gossypinus palmarius, from Seebring, Florida 
trwet cenospecies 

P. nasutus nasutus, from Lineoln, New Mexico 

P. truet truei, from Capitan Gap, New Mexico 

In most eases, the samples of blood were obtained from animals which 
had been set aside for sacrifice. Under etherization the jugular veins were 
severed, and the blood was cdllected into small test tubes. After clotting, 
the cells were resuspended in saline and washed several times. In some 
tests, where small quantities of cell suspension were sufficient, one or two 
drops of blood were obtained from the tail. 

Approximately 2 per cent suspensions of cells were used in the aggluti- 
nation tests. One or two drops of cell suspensions were mixed with like 
volumes of testing fluid in 10-mm. test tubes, and the mixtures were allowed 
to stand at room temperature with occasional shaking. Readings were made 
at one hour. The agglutination reactions are recorded as -, +, +, H, +4, 
+H, the last grade denoting a completely agglutinated cell mass that did 
not break up on moderate shaking. For the absorption experiments, small 
quantities of blood cells were measured with hemocytometer pipettes and 
diluted with saline as required. All absorptions were carried out for a 
period of one hour at room temperature. Human blood suspensions of 
groups O, A, A», and B, and of types M, MN, and N were employed as con- 
trols in all series of tests. 


ABSORPTION EXPERIMENTS WITH GROUP-A SERA 


Each sample of Peromyscus blood was routinely tested with a number of 
reagents ordinarily employed for the serological typing of human blood. 
These included human group-B (anti-A) sera, human group-A (anti-B) 
sera, and absorbed rabbit antisera specific for the human agglutinogens 
A,B,M, and N. The results of such simple typing tests are summarized in 
Table I. The extent of agglutination recorded in this table represents the 
average reaction obtained with the several blood specimens of each species. 
Some quantitative variation within species was noted, but in no case did two 
individuals of the same species give completely different reactions, that is, 
one positive and the other negative. 

The blood cells of all Peromyscus specimens were agglutinated by all 
human sera with the exception of two group-B sera (B-41 and B-518), 
which gave negative reactions with all Peromyscus bloods tested (Table I). 
A single serum of group O and one of group AB were also used in a part of 
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the tests (not indicated in Table I) and were likewise found to possess 
agglutinins against all Peromyscus species. The two exceptional sera, B—41 
and B-518, were of unusual origin and their significance will be discussed 
later. These being disregarded, it may best be considered that any human 
serum, regardless of blood group, may possess anti-Peromyscus agglutinins. 
This being the case, it is evident that the presence of A-like or B-like antigens 
cannot be established by the use of untreated human sera. It is shown in the 
following section, however, that a B-like substance is definitely present in 
species maniculatus, polionotus, leucopus, and gossypinus. It is therefore 
of interest that the bloods of these species are not agglutinated by anti- 
human-B sera produced by rabbits. This result is identical with the findings 
of Landsteiner and Miller (1925) on the bloods of monkeys and other mam- 
mals possessing B-like factors. These authors showed that anti-human-B 


TABLE I 
AGGLUTINATION REACTIONS OF THE CELLS oF SEVERAL Peromyscus SPECIES 


Normal Human Sera Immune Rabbit Sera 
No. of 
Species Bloods| Group | B-41 Coan 
Tested| B and ‘A. | Anti-A | Anti-B | Anti-M | Anti-N 
(most) | B-518 | 
VEUCOPUSEE een 3 +4+4++ - He = - - = 
gossypinus 2 +++ - eee = = = = 
maniculatus A +++ = Saetcts = = = = 
F, maniculatus x poli- 
onotus hybrids ............ 7 ++++ = WHS = - - = 

OWONOGUS nee 12 ++ = ise = = = = 
nasutus 6 + - + = = = x 
ONWOU Varsciace 3 3 - + = = = = 
eremicus .... 9 ++ - 44 = = = i 
CLUICULLLS ee eT 3 + - + = = = ie 


agglutinins of immune rabbit sera were reactive with the cells of certain 
(group-B) apes and men, but not with monkeys and other mammals possess- 
ing a B-like antigen. The B factor of the higher primates is thus distin- 
guishable from that of other mammals. According to Friedenreich and 
With’s (1933) theory on the multiplicity of B components, these facts are 
explained by assuming that the human B agglutinogen contains a component 
shared by certain apes but not by Peromyscus and other mammals. 

The finding that Peromyscus cells are not reactive with anti-M and anti-N 
rabbit agglutinins also agrees with the observations of Landsteiner and 
Miller, whose studies indicate that these properties are possibly restricted to 
the blood of man, apes, and certain monkeys. 

Cells of the Peromyscus species maniculatus, polionotus, leucopus, and 
gossypmmus were much more strongly agglutinated by untreated human sera 
than were those of species nasutus, truei, eremicus, and crinitus (Table I). 
These results recommended the trial of absorption methods for the purpose 
of securing reagents which might effect a qualitative separation of certain 
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species. One such experiment, involving the use of five human group-B 
and thirty-two Peromyscus bloods, is summarized in Table II. For this 
experiment, a human group-A serum of high isoagglutinin titer (1024) was 
selected. Parts of this serum, diluted 1:16, were absorbed with one-tenth 
volumes of washed, packed cells of the thirty-seven bloods. Each of these 
preparations was then tested against cells of the same series of bloods. The 
average degree of agglutination within sets of readings involving test cells 
and absorbing cells of the same species is shown in Table II. Variation 
within species was again small as compared with the differences between 
species. Reactions recorded in Table II as ++++ were almost all complete 
agglutinations; reactions recorded as — were mostly negative with an occa- 
sional trace of agglutination (+); and reactions recorded as + or ++ were 
somewhat more variable. 

Table II confirms Table I in showing a marked contrast between the cells 
of maniculatus, polionotus, F, maniculatus x polionotus hybrids, and leuco- 
pus and those of the species nasutus, truet, eremicus, and crinitus. Group-A 
serum exhausted of its agglutinins against any one of the species nasutus, 
truet, eremicus, or crinitus will readily distinguish cells of such species from 
those of maniculatus, polionotus, or leucopus. Furthermore, continued treat- 
ment of group-A sera with excesses of nasutus, truei, eremicus, or crinitus 
cells was found to be ineffective in removing the agglutinins against the 
remaining species. The results also suggested that further discrimination 
within the group maniculatus, polionotus, and leucopus should be possible 
with the aid of appropriately absorbed and diluted A sera. This possibility 
was tested by attempting to classify a series of fourteen bloods which were 
known only to comprise a collection of the three species, maniculatus, poli- 
onotus, and eremicus. By using eremicus-absorbed and polionotus-absorbed 
A serum, thirteen of these were correctly identified, the only error consisting 
in classifying a maniculatus blood as belonging to polionotus. 

The experiment described in Table II involved a constant ratio between 
the volume of serum and the volume of absorbing cells. A number of tests 
were next performed using varying quantities for the absorptions. This was 
done with the view of determining the optimum proportion of absorbing cells 
for the preparation of a polionotus-absorbed serum with which to differenti- 
ate the species maniculatus and polionotus and also to determine whether 
larger quantities of the cells of these mice would exhaust the serum of its 
anti-human-B agglutinin. Figure 1 depicts the results of one such experi- 
ment comparing the absorptive capacities of maniculatus, polionotus, and 
human group-B cells. Parts of serum A-121, diluted 1:4, were absorbed 
with varying volumes of cells of these three species and then titrated against 
cells of each of the same three bloods. The titration curves against human 
group-B cells show that cells of the maniculatus mouse removed the B agglu- 
tinin about as rapidly as did human group-B cells. Furthermore, polionotus 
blood also removed the § agglutinin, although less effectively than mantcu- 
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5/2 TITRATION AGAINST HUMAN GROUP 8 CELLS 
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Fig. 1. Titration of serum A-121 against cells of Peromyscus maniculatus (M), 
P. polionotus (P), and human group B (B), after absorption with cells of the same three 
bloods. 
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latus, thus adding polionotus to the group of species suspected of possessing 
a B-like antigen. Whether the cells of maniculatus and polionotus are 
capable of completely absorbing the B agglutinin of group-A sera when used 
in larger quantities has not been ascertained. 

Figure 1 further shows that human group-B cells were able to remove 
only a fraction of the anti-Peromyscus agglutinins, reducing the titer of the 
diluted A serum from about 64 to 16, after which excess B cells appeared to 
have no further effect. Such agglutinins, which remain in the human serum 
after exhaustion with human cells of homologous blood group, are termed 
heteroagglutinins and will be described further in the next section. Both 
anti-maniculatus and anti-polionotus agglutinins were removed more rapidly 
by maniculatus than by polionotus cells. According to this single series of 
tests, a group-A serum having an anti-maniculatus titer of 64 should provide 
the most satisfactory reagent for differentiating maniculatus and polionotus 
after absorption with one-fourth volume of polionotus cells. Titration curves 
similar to those of Figure 1 were obtained in tests with two other group-A 
sera. 


TESTS WITH PURIFIED ISOAGGLUTININ 3 AND WITH HETEROAGGLUTININS 
OF GROUP-A SERA 

The presence of a B-like antigen in Peromyscus cells of species manicu- 
latus, F, maniculatus x polionotus hybrids, polionotus, and lewcopus has been 
demonstrated by the capacity of these cells to reduce the titer of group-A 
sera against human B cells. A more decisive method for the detection of 
such substances, however, is considered to be furnished by the use of “‘puri- 
fied’’ solutions of the isoagglutinin 8. These are prepared by the process of 
‘splitting off’’ the agglutinin bound to group-B cells that have been aggluti- 
nated by group-A serum. This method takes advantage of the fact that the 
isoagglutinins are released from the antigen-antibody complex by the appli- 
cation of heat. Three such solutions were prepared from different group-A 
sera, following the technique of Landsteiner and Miller (1925). Serum 
A-121 yielded the most concentrated solution, and the results of its titration 
against a small series of Peromyscus bloods are given in Table III. In addi- 
tion to human e¢ells of groups B and O, suspensions of two beef bloods were 
included as controls, since it is known that cattle possess a B-like antigen. 
Although the titers were smaller, the reactions of the two agglutinin solu- 
tions prepared from other sera were similar to those shown in Table III. 
Cells of leucopus, gossypinus, maniculatus, F, maniculatus x polionotus hy- 
brids, and polionotus were all agglutinated about as strongly as human B 
cells, whereas cells of nasutus, trwei, eremicus, and crinitus gave no trace of 
agglutination. The difference in reaction with untreated A sera in these 
two groups of species is thus shown to be due in large part to the presence 
or absence of a B-like antigen. 

Exhaustive treatment of group-A sera with group-B cells separates the 
B isoagglutinin from other agglutinins which may activate the cells of other 
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animals. Such ‘‘heteroagglutinins’’ must be responsible for the aggluti- 
nation of the species nasutus, truei, eremicus, and crinitus, since these species 
are apparently devoid of the B factor. Likewise, the cells of leucopus, 
gossypinus, maniculatus, F, maniculatus x polionotus hybrids, and poliono- 
tus must possess some heteroagglutinogens, as is evidenced by the inability 
of group-B cells to exhaust group-A sera of their agglutinins against these 
species. Furthermore, the tests described in Tables I and II and Figure 1 
suggest that the various Peromyscus species may vary in their capacity to 
absorb the heteroagglutinin fraction of group-A sera. A number of experi- 
ments were therefore performed to investigate this variation quantitatively. 

Figure 2 illustrates the differences in absorptive capacity of nine differ- 
ent Peromyscus bloods against the heteroagelutinins of serum A-121. This 


TABLE IIT 
AGGLUTINATION REACTIONS WITH PURIFIED ISOAGGLUTININ B 


Dilution of 8 Agglutinin Solution 


Cells 

99 9-1 9-2 9-38 iar OES Os Ou 
Human group-B ........... cieumuai ||) aipnaei le atts tt +P + = 
Beef (1) +H+ +++ + + Es - - - 
Beef (2) cant + + + - = = = 
leucopus +++ H+ | +H + + + + - 
AF OSSY DUNS: re ken neces +H+++ - eae ik ae + + = 
maniculatus (1) we. poy ee oe t+ 4 + = - 
maniculatus (2) sc +--+ tetas - a = = = 
maniculatus (8) ce. +H} Seer ae ahaL + + = - 

¥F, maniculatus x poli- 
onotus hybrids ........ +++ HH +++ Sete 3p ote ete = 
POWONOCUS rreceeserseesterseen jaSSe ie +4 + an = 7 = 
USI CUS pee ee nase - - = = = - - - 
PRU Chee ee en eee - _ — ~- - - - - 
CECE US eee = = - = - = — = 
CLUUITUSH een - - - - - - - = 
Human group-0O ........... - - - - - - - - 


serum, diluted 1:4, was twice absorbed with equal volumes of group-B cells 
in order to remove the B agglutinin. Parts of this solution were then treated 
with cells of the nine mice, using five different volumes of each blood. Single 
blood samples, rather than pools of several bloods of the same species, were 
used for the absorptions. The resulting solutions were then titrated against 
cells of a single P. maniculatus blandus mouse. Owing to these restrictions 
on the quantities of absorbed serum and test cells, it was not possible to test 
the preparations against cells of more than one species. If the results de- 
picted in Figure 1 are typical, however, then it might be expected that 
similar sets of titration curves would have been secured with test cells of 
other species. A stock of P. maniculatus blandus was adopted as a standard 
source of test cells because of the high sensitivity of maniculatus cells as indi- 
cated by previous tests. Two other experiments, using other B-exhausted 
group-A sera absorbed with various Peromyscus bloods, gave results similar 
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Fic. 2. Titration of the heteroagglutinin fraction of serum A121 against cells of 
Peromyscus maniculatus blandus, after absorption with cells of various Peromyscus 
species. 
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to those of Figure 2. With the possible exception of truet and nasutus, the 
titration curves show species similarities which conform with the accepted 
taxonomie groupings. , 


DISCUSSION 


B-like agglutinogens, reactive with human B agglutinin but not with 
anti-B agglutinins of immune rabbit sera, were regularly demonstrated by 
Landsteiner and Miller (1925) in New World monkeys (various species of 
Cebus, Lagothrix, Mycetes, Chrysothriz, and Nyctipithecus), as well as in 
the rabbit, guinea-pig, rat, mouse, cat, dog, cattle, donkey, and pig (von 
Dungern and Hirschfeld [1911], Landsteiner and Miller). Their presence 
has not thus far been observed in Old World monkeys (various species of 
Papio, Cercopithecus, Cercocebus, and Macacus), nor in the sheep, horse, or 
goat. Apparently, B-like antigens have been found in all rabbits and 
rodents thus far examined, with the exception of the four species of Pero- 
myscus here reported. In contrast to the B agglutinogen of certain men, 
orangutans, and gibbons, the B-like antigens of the lower mammals appear 
to define specific differences rather than individual differences. It is of 
interest that the four Peromyscus species possessing the B factor are con- 
tained in the subgenus Peromyscus, whereas those lacking the factor belong 
to one cenospecies of the subgenus Peromyscus as well as to the subgenus 
Haplomylomys. Geographically, the B-negative group is confined largely 
to the southwestern part of North America. Unfortunately, there is no 
immediate prospect of investigating the genetics of this difference, since 
hybridization has not been observed between species belonging to these two 
groups (Dice, 1940). 

For the genetical study of antigenic differences which are detectable with 
human heteroagglutinins, the two closely related species, maniculatus and 
polionotus, appear to offer the most promising material. A group-A serum 
exhausted of its anti-polionotus agglutinins still agglutinates cells of F, 
maniculatus x polionotus hybrids as well as cells of maniculatus (Table IT). 
This might be explained by assuming that maniculatus mice possess one or 
more antigenic factors not present in polionotus. The presence of these 
factors in the hybrids would then be anticipated in accordance with a gen- 
eral rule of immunogenetics, namely, that genes determining the presence of 
antigens are dominant to those determining the absence of such antigens (or 
the presence of weaker antigens). In this connection, an agglutinogen 
reported by Gorer (1986) in certain strains of the house mouse is of interest. 
This property, which was demonstrable with human group-A sera (presuma- 
bly with the heteroagglutinin fractions thereof), was shown to be deter- 
mined by a single dominant gene. In Figure 2, the capacity of cells of the 
F, maniculatus x polionotus hybrid to absorb the heteroagelutinins against 
maniculatus cells is shown to exceed that of either parent species. This 
result has been observed in other tests and might suggest the inheritance of 
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antigens from both species. The comparison of blandus and F, manicu- 
latus x polionotus mice, however, is not entirely appropriate, since the 
former comprises a single subspecies of maniculatus, whereas the F', hybrids 
are offspring of maniculatus mice which are themselves hybrids of several 
subspecies. It is possible that these factors may show intraspecific variation, 
and the numerous subspecies of maniculatus and polionotus offer abundant 
material for further study. 

It is of particular interest that the four Peromyscus species which react 
with the B agglutinin of group-A sera are also the four species which react 
most strongly with heteroagglutinins of the same sera (compare Table III 
and Figure 2). This correlation, which also appears to extend to variations 
within the B-positive group, suggests that the two agglutination systems may 
be chemically and genetically related. For example, it is conceivable that 
the same gene or genes may be responsible for major variations in both types 
of Peromyscus antigens. If so, the antigens reacting with at least some of 
the heteroagglutinins might be considered as special B components not con- 
tained in the human B complex. Friedenreich and With’s (1933) interpre- 
tation of the human 8 agglutinin as a complex of several substances, some 
reactive only with human cells and some reactive with both human and ani- 
mal cells, would thus be extended to include components reactive only with 
certain animal bloods. Further justification for this concept would be fur- 
nished if the heteroagglutinins of group-B sera should reveal antigenic 
differences between Peromyscus species unlike those demonstrated with 
eroup-A heteroagglutinins. Such comparative studies with human sera of 
groups B, O, and AB have not yet been made. 

The two group-B sera (B—41 and B—518) that failed to agglutinate Pero- 
myscus bloods, may also be of significance in relation to this problem. These 
two sera, which were provided by A. 8. Wiener, were both obtained from 
group-B individuals who, by mistake, had received transfusions of group-A 
blood. The high isoagglutinin titers of these sera were therefore presumed 
to be due to the presence of immune gq agglutinins in addition to the natural 
a agglutinins. The two sera were supplied in a dilution of 1:4, which may 
account for their negative reactions with Peromyscus cells. Even so, the 
heteroagglutinins against Peromyscus cells would be comparatively weak. 
It is therefore tempting to speculate that the formation of immune gq anti- 
bodies may have resulted in a diminution of the animal heteroagelutinins in 
these sera. 

Because of the interesting variations which have been observed in A and 
B substances of the body tissues and secretions of man and other animals, the 
testing of Peromyscus tissues is recommended for future study. 


SUMMARY 


Red blood cells of four species of North American mice, Peromyscus 
leucopus, P. gossypinus, P. maniculatus, and P. polionotus, possess an anti- 
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gen similar to the human isoageglutinogen B, whereas the cells of four other 
more distantly related species, P. nasutusyP. truet, P. eremicus, and P. crini- 
tus, apparently lack this factor. The B-like antigen of Peromyscus is suffi- 
ciently similar to human B that it is activated by purified solutions of the 
human isoagglutinin 8. On the other hand, like the B factors of other sub- 
primate mammals, it is not reactive with anti-human-B agglutinins of 
immune rabbit sera. 

Human group-A sera also possess other agglutinins (heteroagglutinins) 
against which the cells of various Peromyscus species show quantitatively 
different reactions. Although the numbers of mice tested are small, the 
variability within species appears to be considerably less than that between 
species. It is therefore possible to differentiate cells of maniculatus and 
polionotus by means of group-A sera which have been absorbed by cells of 
polionotus. The absorptive capacity of the cells of the F, hybrids of these 
two species appears to at least equal that of the stronger parent, maniculatus, 
suggesting the inheritance of dominant factors from this species. 

The reactivity of different Peromyscus species to the B agglutinin appears 
to be correlated with the reactivity against heteroagelutinins of the same 
sera. This suggests that the two systems of agglutination may bear chemi- 
eal and genetical relationship. In both serological properties the similari- 
ties between Peromyscus species are in general consistent with taxonomic 
groupings within the genus. 
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INTRODUCTION 


This study is of importance chiefly in showing the variability in several 
dimensions of the body and skeleton and in pelage color of a single subspecies 
of deer-mouse (Peromyscus maniculatus rufinus) within a small geographi- 
cal area having a moderate amount of diversity in habitat types. The area 
studied lies in the mountains of Lincoln and Otero counties, southern New 
Mexico. 
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METHODS OF STUDY 

The methods of study employed are the same as in my previous investi- 
gations of variation in Peromyscus (Dice, 1932). All of the animals here 
described were born in the laboratory and reared under nearly uniform 
conditions. All are of the one-year age class, and when killed for measure- 
ment were between the ages of thirty-six and seventy-eight weeks. 
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In the statistical comparisons between the stocks any difference between 
means greater than about 2.7 times its standard error has been considered 
to be significant. In the comparisons I have sometimes utilized also the 
standard deviations, making use of the fact that a difference between two 
means greater than the sum of their respective standard deviations indicates 
an overlap in measurements by less than 16 per cent of the individuals of 
the two populations concerned (Hubbs and Perlmutter, 1942). 
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Map 1. Collecting localities in parts of Lincoln ‘and Otero counties, southern New 
Mexico. 


COLLECTING STATIONS 


Most of the stocks of deer-mice here described were collected by me dur- 
ing the summer of 1937 (Dice, 1942). The stock from Cloudecroft was, 
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however, collected in 1927 and that from Bonito Canyon in 1928. Measure- 
ments of the Bonito Canyon and Clouderoft stocks have previously been 
published (Dice, 1933a). The stocks were secured at the following stations : 

Angus. One and one-half miles northwest of Angus and nine miles in 
a direct line north of Ruidoso. Taken in yellow pine association at 7000 feet 
elevation. 

Bonito Canyon. In the canyon of the Rio Bonito, twelve miles northwest 
of Ruidoso. Taken in meadows that were probably farm clearings, between 
8000 and 9000 feet. The locality is now covered by the impounded waters 
above Bonito Dam. 

Capitan Gap. On the south side of Capitan Gap, seven to eight miles in 
a direct line northeast of Capitan. In pinyon-juniper and yellow pine asso- 
ciations at 7000 to 7500 feet. , 

Clouderoft. Within a mile of Cloudcroft. Taken mostly in Douglas fir 
association above 8000 feet. 

Gyp Spring Canyon. Near Gyp Spring Canyon, four miles in a direct 
line northeast of Capitan. In short-grass association at 6200 feet. 

Indian Divide. Just east of Indian Divide and six miles northwest of 
Capitan. In pinyon-juniper association at 7000 feet. 

Mesa. Five miles southwest of Capitan. In pinyon-juniper association 
at 7000 feet. 

Monjeau Lookout A. One-half mile southeast of Monjeau Lookout and 
seven miles northwest of Ruidoso. In oak brush association on a ridge at 
9200 feet. 

Monjeau Lookout B. One mile southeast of Monjeau Lookout and six 
and one-half miles northwest of Ruidoso. In yellow pine association at 8900 
feet. 

All these collecting stations are in Lincoln County, New Mexico, except 
the Clouderoft station, which is in Otero County. 


TABLE I 


CoLoR OF SURFACE SoILs rrom NEW MEXIco 
Mean of ten tint photometer readings of each soil sample, in per cent 


Station Red Green Blue-violet 
PAIOTISY see ie ert eecne ses 17.6 12.1 9.6 
Capitan Gap ... 12.5 9.5 7.6 
Gyp Spring Ca 15.8 11.5 Onl 
Indian Divide 20.4 14.8 12.5 
IMCS as eetrealstnccs ep .cti ie ceacetn tien 13.7 10.2 8.2 
Monjeau Lookout A... 18.3 12.4 10.6 
Monjeau Lookout B ............... 13.4 9.8 till 
SOIL COLORS 


The colors of the surface soils have been measured from a single sample 
taken at each of the collecting stations (Table I). No soil samples have been 
available from the Cloudcroft nor Bonito Canyon stations. 
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The differences in surface soil color between the several stations are 


moderate in amount. The soil at none of the collecting localities is either 
exceptionally dark or exceptionally pale. / 


VARIATION IN DIMENSIONS 


Hach of the stocks here described exhibits a moderate amount of varia- 
bility in the dimensions of the body and of the skeleton, as measured by the 
magnitude of their standard deviations (Table II). 

None of the stocks are consistently either very large or very small in their 
dimensions when compared with the other stocks from this region. The 
means of the several measurements differ between the stocks, and certain 
of the differences are of high statistical significance when evaluated by their 
standard errors. The magnitude of the differences in means is, however, 
usually not very great. The difference in mean condylo-premaxillary skull 
length between the Gyp Spring Canyon and Indian Divide stocks, for 
instance, is 0.639 + .117 millimeter. This is one of the largest differences 
in skeletal measurements. In body length the Cloudcroft stock averages 
small, and its mean is exceeded by the means of all the other stocks, except 
the one from Bonito Canyon, by amounts greater than the sums of the two 
respective standard deviations. The difference in mean body lengths be- 
tween the Gyp Spring Canyon stock, which is the largest in this dimension, 
and the Cloudcroft stock is 11.81 + .55 millimeters. The sum of the two 
standard deviations is 8.60 millimeters. None of the other differences be- 
tween the stocks in the mean measurements of either the body or the skeleton 
are as great as the sum of the two respective standard deviations. 


VARIATION IN PELAGE COLOR 


A moderate amount of variation in pelage color is present in nearly every 
one of these laboratory-bred stocks. The usual range of variation is from 
a dull buff to a dull gray. In the Capitan Gap stock a few specimens are 
bright buff and a few others gray, similar, respectively, to the buff and gray 
color phases of blandus (Dice, 19336). Most of the Capitan Gap specimens, 
however, are intermediate in hue between buff and gray, and no separation 
of the stock into buff and gray phases is possible. 

The palest pelage colors among the mice here described are exhibited by 
the stocks from Gyp Spring Canyon and Capitan Gap (Table III). These 
stocks rank high in tint photometer readings both for the dorsal stripe and 
the side of the body. The Gyp Spring Canyon stock is significantly exceeded 
by the Capitan Gap stock only in readings for dorsal stripe blue-violet. 

The Indian Divide stock ranks high in tint photometer readings for 
dorsal stripe red and green, but in the other color readings it is intermediate 
among the stocks. The Mesa, Angus, and Monjeau Lookout A stocks rank 

intermediate among the stocks in all the color readings. 
The Clouderoft stock has significantly lower tint photometer readings for 
the dorsal stripe than has any other stock from this region. It ranks low 
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also in the readings for side green and side blue-violet, but it significantly 
exceeds the Monjeau Lookout B stock in readings for side red. 

The Monjeau Lookout B stock has significantly lower readings for side 
red than has any other stock. Its readings for side green and side blue- 
violet also rank low. In the readings of the dorsal stripe, however, it has 
significantly higher readings than has the Cloudcroft stock. 

The Bonito Canyon mice also have relatively dark pelage colors. For 
the readings of the dorsal stripe they significantly exceed only the Cloud- 
croft mice; in the readings for side green and side blue-violet they signifi- 


TABLE III 


PELAGE CoLor or Peromyscus maniculatus rufinus FRomM NEw MExIco 
Mean tint photometer readings, standard errors, and standard deviations for 
one-year age class, both sexes, in per cent 


Dorsal Stripe 


Red Green Blue-violet 


EAT OUS Necro eee ner 10.00 + .16 (1.28) 7.34 + .12 (0.96) 5.23 +.10 (0.77) 
Bonito Canyon occ 9.29 + .21 (1.66) 5.97 + .17 (1.34) 4.66 + .12 (1.00) 
Capitan Gapmermeseretne 11.57 + .20 (1.90) 8.77 + .17 (1.53) 6.93 + .14 (1.29) 
Clonudero ttt sere USMY ae ih (9), 5.12 + .06 (0.76) 4.01 + .05 (0.61) 
Gyp Spring Canyon .. | 11.54+.16 (1.62) 8.53 + .11 (1.10) 6.38 + .09 (0.94) 
UndianieD iid emererecs ee 11.40 + .28 (2.13) 8.48 + .19 (1.49) 6.20 + .16 (1.20) 
IMieSay gene torent inna 10.42 +.17 (1.33) 8.02 + .13 (1.00) 6.29 + .14 (1.04) 
Monjeau Lookout A .......... 9:99 +16 (1.38) 7.68 + .13 (1.13) 6.01 +.10 (0.91) 
Monjeau Lookout B .......... 8.62 + .17 (1.48) 6.42 + .14 (1.20) 4.81+.10 (0.90) 
Side Stripe 
ATL OUS arte eens Aetna. 18.70 +, 24 (1.89) 13.36 + .20 (1.58) 9.67 + .14 (1.16) 
Bonito Canyon .. .. | 20.41 +.30 (2.38) 12.92 + .21 (1.66) 9.58 + .20 (1.60) 
Capitan Gap. .... 20.93 + .25 (2.32) | 15.43+.19 (1.79) 11.84 +.17 (1.53) 
Cloudcroft........... 19.50 + .19 (2.24) | 12.14+.12 (1.48) 8.83 + .10 (1.15) 
Gyp Spring Canyon 21.74 + .27 (2.67) 15.80 + .18 (1.79) 11.44 + .14 (1.38) 
Indian Divide .......... 20.20 + .84 (2.59) 14.60 + .23 (1.78) 10.72 + .19 (1.48) 
AUIGEEY, (pec eastiseeearee 19.81 + .28 (2.12) 14.48 + .21 (1.62) 10.78 + .18 (1.40) 
Monjeau Lookout A .......... | 19.13 + .25 (2.23) 14.08 + .20 (1.81) 10.65 + .18 (1.57) 
Monjeau Lookout B .......... 15.99 + .383 (2.94) 11.49 + .25 (2.19) 8.38 +.18 (1.63) 


cantly exceed only the Cloudcroft and Monjeau Lookout B mice; but their 
readings for side red are high, for these average significantly lower only than 
those of the Gyp Spring Canyon mice. 

When comparisons between these stocks are evaluated by means of the 
standard deviations it is evident that the means of the tint photometer read- 
ings of the dorsal stripe for all three color screens are lower for the Cloud- 
croft stock than are those of the stocks from Capitan Gap, Gyp Spring Can- 
yon, and Indian Divide. The difference in each, comparison is greater than 
the sum of the two respective standard deviations. For dorsal stripe green 
and blue-violet the differences between the Clouderoft and the Mesa and 
Monjeau Lookout A means also are greater than the sums of the two respec- 
tive standard deviations. For dorsal stripe green, furthermore, the Cloud- 
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croft mean is less than the Angus mean by an amount that is greater than 
the sum of the two respective standard deviations. 

In tint photometer readings of the side stripe the mean of the Gyp Spring 
Canyon stock for red is higher than that of the Monjeau Lookout B stock 
by an amount greater than the sum of the two respective standard devi- 
ations. In readings for side stripe green the Gyp Spring Canyon stock 
exceeds the Clouderoft and Monjeau Lookout B stocks, and the Capitan Gap 
stock exceeds the Clouderoft stock, by amounts greater than the sums of the 
respective standard deviations. In readings for side blue-violet the Capi- 
tan Gap and Gyp Spring Canyon stocks both exceed the Clouderoft and 
Monjeau Lookout B stocks by amounts greater than the sums of the respec- 
tive standard deviations. No other differences in color readings as great as 
this are exhibited by any other of the stocks. 

It is evident therefore that of the stocks here compared the palest in 
pelage are those from Gyp Spring Canyon and Capitan Gap. The Cloud- 
eroft and Monjeau Lookout B stocks have the darkest colors. Some of the 
differences between the stocks are of considerable statistical significance, 
though none are very great in amount. The difference in mean tint photome- 
ter readings for dorsal stripe red between the Capitan Gap and Cloudecroft 
stocks is 3.67 + .23 units. The mean difference for side stripe red readings 
between the Gyp Spring Canyon and Monjeau Lookout B stocks is 5.75 + .48 
units. These are the greatest differences between any of the stocks. 


DISCUSSION 


The statistical comparisons that have been made in this report apply, of 
course, only to the laboratory-bred stocks and not to the wild populations 
living at the localities where the parents of the laboratory stocks were col- 
lected (Hovanitz, 1942: 179-81). Any group of individuals captured at a 
particular station which becomes the parents of a laboratory stock will carry 
an inadequate sample of the genes of the whole wild population. There is no 
way of estimating how adequate each sample is. Nevertheless, the measure- 
ments of the laboratory stocks do give an indication of the characters of the 
wild populations and of their variabilities. Series of Peromyscus taken in 
the field have shown general agreement in measurements with series bred 
in the laboratory (Dice, 1933a: 5-7; 1937: 10-17). 

The collecting stations for the deer-mice described in this report are in 
the oak-brush, yellow pine, and Douglas fir associations of the montane belt 
and in the short-grass and pinyon-juniper associations of the sabinal belt 
(Dice, 1930 and 1942). The ecologic diversity between these stations is only 
moderate in amount. The patches of oak brush and of short grass in these 
belts are generally small in size, and most of the area of both the montane 
and sabinal belts is covered by more or less dense woodland or conifer forest. 
Elevations range from 6200 feet at Gyp Spring Canyon to 9200 feet at the 
Monjeau Lookout A station. 
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All the stations except the one at Cloudcroft lie within an area about 
twenty-five miles in greatest diameter. The Clouderoft station lies about 
twenty-five miles farther south. None of the stations therefore are distant 
in a direct line from one another more than about fifty miles. 

Within this relatively small area of moderate diversity in habitat types 
it is not surprising that no great variation in the body dimensions of the 
deer-mice is exhibited. The small differences in the dimensions of the body 
and its parts that do distinguish these several stocks may be in part due to 
errors in the sampling methods employed. It is probable, however, that 
there are some differences between the various local populations in the aggre- 
eate of genes that affect body size. There is no evidence that the differences 
in body dimensions between the several stocks are correlated in any way with 
differences between the types of environments at the several collecting 
stations. 

The pelage color, as measured by the tint photometer, differs considerably 
among the stocks. Some of the differences between the stocks in pelage color 
might be expected to be correlated with differences in the heaviness of the 
vegetation and with the surface soil color at the collecting stations. Such 
correlations are known to exist in other regions (Dice and Blossom, 1937: 
92-108). 

A tendency toward a correlation between the darkness of pelage of the 
deer-mice and the heaviness of the vegetation at their collecting stations is 
especially suggested by certain of the stocks. The Clouderoft and Monjeau 
Lookout B stocks have on the average the darkest pelage, and these stocks 
came from the heaviest conifer forests in the area. Conversely, the Gyp 
Spring Canyon stock, which averages pale in pelage, is from open short-grass 
association. The Capitan Gap stock, which also averages pale in pelage, 
came from moderately heavy pinyon-juniper and yellow pine forest. It 
should be pointed out, however, that the Capitan Gap and Gyp Spring 
Canyon localities lie immediately adjacent to one another and that the two 
collecting stations were less than three miles apart. The general rule that 
the pelage color of these mice tends to be dark in heavy forest and pale in 
open situations, seems therefore to be here modified locally by the influence 
of an adjacent community of contrasting ecologic type. 

No close correlation between pelage color and soil color is evident among 
these stocks. It is true that the soil color at the Monjeau Lookout B station 
is relatively dark (Table I) and that the pelage color of the mice likewise 
averages dark. However, the soil at the Capitan Gap station is also dark, 
and the mice of that stock average pale in pelage. Further, the Gyp Spring 
Canyon mice average pale in pelage, and the soil at their collecting station 
ranks intermediate. 

When considering the general tendency toward a correlation between the 
pelage color of the deer-mice and the heaviness of the vegetation and the 
apparent absence of a correlation between pelage color and surface soil color, 
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it should be borne in mind that in this small region there is a considerable 
variety of vegetation, but no strong variation in soil color. Furthermore, 
it must be remembered that all these collecting stations are fairly close 
together. There are no evident barriers here to the movements of the deer- 
mice, and these highly mobile mammals undoubtedly at times move con- 
siderable distances. It would be expected, therefore, that there would be 
considerable interbreeding between the various local populations. This 
interbreeding would theoretically tend to prevent the production of strongly 
marked local races. 

Nevertheless, the evidence from the laboratory-bred stocks indicates that 
some of the local wild populations differ from others in certain average 
characters. Some of the variations in pelage color among the stocks tend 
to be correlated with variations in the types of vegetation growing at the 
several collecting stations. Many of the differences between the stocks have, 
on the contrary, no obvious ecologic relationship and probably indicate only 
the presence of random local variations in the hereditary constitutions of the 
several wild populations. The precise amount of difference in genetic con- 
stitution between the various local wild populations cannot, however, be 
measured by the data here presented, because of the errors of sampling 
involved in the production of the laboratory-bred stocks. 


SUMMARY 


Measures of the body and skeletal dimensions and of pelage color are 
given for nine laboratory-bred stocks of deer-mice from a small area in the 
mountains of southern New Mexico, where there is a moderate amount of 
habitat variability. Some of the differences between the means of the several 
stocks are of high statistical probability, though none are very great in 
amount. There are greater differences between the stocks in pelage color 
than in body dimensions. Insofar as the laboratory-bred stocks represent 
the characters of the wild populations at the places where their parents were 
trapped, there is an indication that the depth of pelage color of the deer-mice 
tends to be correlated with the heaviness of vegetation in their habitats. No 
other ecologic trend is apparent. Some of the differences between the stocks 
are presumably due to random variations in genetic constitution between the 
local wild populations inhabiting the various parts of the area studied. 
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INTRODUCTION 


THE occurrence within a circumscribed area of several closely related but 
distinet species of organisms poses many difficult questions about their pos- 
sible mode of origin. A particularly puzzling example of this kind is pre- 
sented by the limpets of the genus Acmaea. Along the Pacific coast of 
North America, indeed within the limits of the state of California, there 
dwell no less than seventeen species of the genus Acmaea (A. R. Test, MS). 
Further, they all live within the very narrow vertical limits of the intertidal 
zone along the ocean shore. The problem of the mode of origin of this di- 
verse group of species deserves intensive study. 

Of the seventeen species living along the coast of California, eight range 
both north and south beyond the limits of the state, although not all their 
ranges extend the entire length of the west coast of North America. These 
species are pelta Eschscholtz, digitalis Eschscholtz, asmi (Middendorff), 
paleacea (Gould), rosacea Carpenter, limatula Carpenter, scabra (Gould), 
and triangularis Carpenter. Two others, insessa (Hinds) and mitra Esch- 
scholtz, have been accorded very lengthy ranges, but I have not been able 
to substantiate these ranges from the collections I have seen. The ranges 
of the seven remaining species terminate within the state of California, but 
extend beyond one border, either to the north or the south. The species 
ranging north of the state of California are testudinalis scutum Eschscholtz, 
persona Eschscholtz, depicta (Hinds), instabilrs (Gould), fenestrata crib- 
raria (Gould), and ochracea Dall; conus Test (1945 a and b) ranges south 
of California. 
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There is actually a brief area along the coast of California, extending 
from Point Concepcion south to Point Fermin (San Pedro), where all 
seventeen of these species are present. When the narrow limits of the inter- 
tidal zone are taken into consideration, this is remarkable and very difficult 
to explain on the basis of complete geographic isolation for every species at 
some previous time in order to permit speciation to develop. 

These species came into existence in this limited area in part because of 
the extremely limited movements of each animal during its lifetime, in part 
because of the relative rigidity of the microhabitat limitations of each 
species. These two factors have permitted speciation to take place by geo- 
graphic isolation of the usual type and also by ecologic segregation of an 
unusual type, in which isolation may be a matter of only inches, or at most 
a foot. 

Although I worked with the group originally only from the taxonomic 
point of view, I became interested in the problem of the origin of several 
species in a limited area. As my studies of the natural history of the group 
proceeded (A. R. Test, 1945c), ideas suggested how such a situation came to 
exist, and it seems worthwhile to present them here, as pertaining not only to 
the group under consideration, but perhaps also to other groups. 

The study of which this paper records the results was carried out under 
the guidance and with the encouragement of Professor 8. F. Light at the 
University of California, to whom I wish to express my very great gratitude. 

The specific nomenclature used in this paper follows that in a manu- 
seript which will be published under the title, ‘‘The Taxonomy, Natural 
History, Phylogeny, and Bibliography of the Genus Acmaea.’’ 


TERMINOLOGY 


In order that there will be no misunderstanding as to what is meant in 
this paper by certain terms which have been used differently by previous 
authors, I define my usage for each term. 

Species is here understood to mean a morphologically distinguishable 
and interbreeding group of animals which do not appear to interbreed with © 
any other morphologically distinguishable group, since no intergrades have 
been found. 

A suBspecigs, the only category for which a trinomial name will be used 
in this paper, is always a geographic race, as defined below. No other group 
of variants and no individual variants will be given a trinomial name. For 
the sake of clarity, variants which have received names in the previous 
literature are discussed and synonymized in the manuscript already cited. 

SPECIATION is here understood to mean those processes during which 
divergence is established and reproductive isolation is accomplished so that 
a ‘‘parent species’’ breaks up into two or more daughter species (May, 
1942: 23). 

GEOGRAPHIC SPECIATION is that differentiation which has developed dur- 
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ing a recognizable and measurable geographic isolation of the parent and 
offshoot stocks from each other, by the gradual accumulation of inherited 
differences which make morphological distinction and which prevent inter- 
breeding. 

ECOLOGIC SPECIATION is that differentiation which has taken place during 
isolation of extreme variants which could not survive in the parental 
microhabitat, but which are able to take over a microhabitat not compatible 
with the parental morphology and ecology. This isolation is not of a geo- 
graphic type, but is due to the unsuitability for the parent stock of the 
microhabitat invaded by the offshoot, and to an intervening area, however 
small, which cannot be crossed by individuals of either stock, such as is 
provided by the holdfasts of some of the algae and by silt and sand sur- 
rounding the base of the rocks-or plants occupied by the offshoot stock. 

An ECOLOGIC VARIANT is a nonhereditary phenotype which differs from 
most members of the species in some definite, recognizable manner. For 
example, in bays or harbors, where the wave action is slight but the chemi- 
eal contents of the water are heavily concentrated with industrial wastes 
or detritus from organic sources, individuals of all species represented 
have heavier than normal shells, humped-up shape, with reduced aperture, 
and increased ornamentation. Such variations predominate in all species 
wherever such areas occur. 

INDIVIDUAL VARIANT refers to a phenotype produced by a particular com- 
bination of hereditary traits. 

Eurytortic refers to a broad tolerance of diverse environmental condi- 
tions on the part of a species population. Such species are able to survive 
in many recognizably diverse situations, the microhabitat having only 
broadly recognizable limits. 

Srenoroptc refers to a rigidly restricted tolerance to variation in envir- 
onmental conditions on the part of a species population. Such species are 
found only in one particular kind of microhabitat, always the same in all or 
most all of its recognizable features. 

Limiting conpiTIons are those factors in the habitat to which the indivi- 
duals must adapt or fail to survive. 

DOMINANT SPECIES, FORMS, OF VARIANTS are those which are most abun- 
dant in the area or region under discussion. 


FIELD STUDIES 


Field studies were conducted along the coast of California, for a period 
of six years (1931 to 1937). Visits were made to every important, and 
many small, reefs, as well as to estuaries, sloughs, and river mouths, from 
the northern boundary of the state south to Point Fermin, San Pedro, Cali- 
fornia. Certain situations were visited repeatedly, the most frequently 
worked over being Moss Beach, San Mateo County; Monterey; Jenner, So- 
noma County; and the reefs between and around Bolinas and Tomales Bay, 
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Marin County. Special trips were made to work at and near Points Con- 
cepcion and Arguello, Santa Barbara County. 


CRITERIA FOR SPECIES 


For working out the relationships of the various species of limpets, I 
have not found the shell a reliable guide, probably because it bears the 
brunt of environmental contact. It is particularly susceptible to the de- 
velopment.of adaptive characters and hence liable to both convergent and 
divergent evolution. The shell of a limpet is always in contact with the 
environment, is the part of the animal most likely to be affected by it, and, 
therefore, is least likely to indicate relationships accurately. Direct contact 
with the environment has resulted in numerous ecologic variants, many of 
which, under special conditions, have become dominant in given localities. 
These variants have added to the confusion in the relationships of the taxo- 
nomic forms. 

The unreliability of the shell for showing taxonomic relationships is 
well illustrated by the fact that limpets in similar ecologic situations the 
world over have shells of practically the same general contour, size, weight, 
and often sculptural pattern. This parallelism is so general that on the 
basis of the shell alone it is frequently possible to determine the ecologic 
situation from which any given species or group of individuals may have 
come. It is hardly necessary to add that species geographically far removed 
from each other, although equivalently situated ecologically and possessing 
similar shell characters, are not likely to be closely related. Instead, a given 
species will be more closely related to another often very different in archi- 
tectural pattern of shell but occupying the same or adjacent geographic 
areas than to species with architecturally equivalent shells but living in 
widely separated geographic ranges. 

A slightly less significant illustration is provided in shell characters by 
predictable variations on the basis of ecologic influence. Some individuals 
of a species living under ecologic conditions different from the normal 
in some controlling factor or factors will often differ in certain characters 
from normal individuals in a particular manner. Such variations are pre- 
dictable in connection with known variable ecologic factors which result 
in conditions below optimum for the species. Among the well-established 
species on the coast of California it is not uncommon to find the same archi- 
tectural principles being utilized within several normally very different 
species by individuals subjected to the same kind of unfavorable environ- 
mental conditions, such as lowered salinity, increased chemical content of 
the water, or increased wave action. 

Obviously, this tendency to vary with the PER situation practically 
eliminates the shell as a factor in determining species relationships and 
necessitates the use of some other structure that is more dependable than 
the shell for defining these relationships. The structure must not be too 
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plastic under ecologic influences, nor yet so completely removed from the 
environment as to prevent accumulation of small specific changes. The 
basal ribbon of the radula appears to be such a structure. 

The radula, well enough protected from outside influences during its 
development, later regularly is in contact with a specific part of the envi- 
ronment, namely, the food and its substrate. This, significantly, is the 
least variable part of a limpet’s environment, owing to the specific nature 
of the feeding habits of most limpets. Hence, there is little tendency for 
the radula to vary within species. In the past, use of the radula has been 
limited to a study of the teeth, which provide poor criteria for specific de- 
termination because of change due to injury and wear. I have used the 
basal ribbon of the radula, stripped of teeth; it offers a reliable basis for 
identification as well as for the determination of specific relationships, be- 
cause it is not especially subject to selective action, injury, or wear and 
tear. The ribbons appear to have acquired specific characters chiefly be- 
cause of the inevitable accumulation of small inherited differences. 

As suggested above, the use made of the radula in the past has been 
open to criticism, due largely to the methods employed. Dall (1871) 
wisely based his subgenera of Acmaea upon radular characters, but un- 
wisely used tooth shape and arrangement as the criteria for specific differ- 
entiation. Oliver (1926) made groupings of species, which he called 
genera, differentiated partly by tooth characters. The validity of his results 
was further weakened by the use of a combination of structural characters 
of the shell with radular characters for generic criteria. Since shell char- 
acters are not reliable indices of relationships, genera based upon them, 
even though in combination with radular characters, are of dubious value. 

Because of these difficulties with a structure which should present ideal 
material for specific differentiation, J. A. Perino, of the University of Cali- 
fornia, several years ago worked out a method of preparing the radula to 
eliminate the weaknesses mentioned above, and to make use of the taxonomic 
possibilities of the structure. In a properly treated radula the teeth can 
easily be scraped off, the basal ribbon stained, and a thoroughly useful, 
specifically stable structure obtained which shows excellent specific differ- 
entiation. It is this structure, the basal ribbon, which I have used. A 
complete description of the preparation of the radular ribbons will appear 
in a subsequent paper (A. R. Test, MS). 

An ambitious attempt was made to obtain length-to-width-to-height pro- 
portion ratios of the shells for the various species in order to use them in 
determining the specific limits, but the only result of the tedious measuring 
of approximately three thousand individuals of several species was the con- 
clusion that size and proportion in limpets are too much influenced by eco- 
logic irregularities to have any practical significance. 

Each species which I recognize (A. R. Test, MS) has been diagnosed 
on the basis of criteria indicated as reliable by comparison of shell charac- 
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ters with radulae. Many of the species exhibit variability (genetic and 
/or somatic), either ecologic, individual, or geographic in character. In 
the past, this extensive variability has led to the subdivision of these spe- 
cies into many categories (so-called subspecies, varieties, forms). Most 
of these have no place in a nomenclatural system, since they are based 
upon differences which are not geographically segregated and seem to 
have no correlation with ecologic or physiologic segregation or tendencies 
thereto. Indeed, these categories often have been used for mere variants 
representing naturally occurring diversities in genetic combinations in a 
large heterozygous population, as well as for variants resulting from the 
adaptability of the individual to differing environmental conditions and 
to variations produced by extraneous causes (fungus infection, unfavorable 
environmental conditions, substrate limitations, and injuries). 

Related species should manifest their relationship by any feature in 
inverse ratio to the amount of divergent adaptive evolution which that fea- 
ture has undergone. Such is, indeed, the situation among the species of 
Acmaea. The extent of resemblance of the shells of related species de- 
pends not upon closeness of relationship, but rather upon whether or not 
the diverging species have remained in similar microhabitats. The radu- 
lar ribbon on the other hand, less subject to adaptive evolution than is the 
shell, and hence not subject to the phenomena of rapid divergent or con- 
vergent evolution, indicates the actual relationship fairly. accurately, re- 
gardless of whether the species in question have remained in equivalent 
microhabitats or have become adapted to differing situations. 


METHODS OF SPECIATION 


The importance of geographic subspeciation has long been understood, 
namely, that it seems frequently to lead to the origin of species. This ap- 
pears to be the case when geographic subspecies are isolated from the main 
stock long enough for evolution to proceed to the point at which the iso- 
lated group can or will no longer interbreed with the main stock. Stu- 
dents of the genus Acmaea do not appear to have grasped this fact and 
have classed as subspecies any striking variant, regardless of its geogra- 
phie coincidence with the main stock of the species, that is, with the other 
so-called subspecies. Every subspecies (geographic race) obviously must 
occupy a range which is geographically complementary to that of other 
subspecies of the same polytypic species (rassenkreis of Rensch, 1934), ex- 
cept within a limited area of intergradation. 

To be sure, any individual phenotype common in one subspecies may 
appear as an occasional phenotype in any other subspecies of the same 
species, but each subspecies will be composed for the most part of pheno- 
types which appear only infrequently in any other subspecies. The bulk 
of the population of one subspecies differs from the bulk of the population 
of any other subspecies of the same species with regard to those phenotypes 
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which predominate. Thus, a sample of any subspecific population may 
be recognizable by its proportions of phenotypes rather than by peculiar 
kinds of phenotypes.. Effective isolation_is then necessary over~a suffi- 
ciently extended period to permit completion of the process of speciation. 

Within the genus Acmaea, much speciation has apparently been due to 
the geographic process. This is indicated by the geographic ranges of 
some of those species which have been shown by studies of the radular 
ribbons to be closely related, as well as by those Acmaea polytypic species 
which are extant today. 

Geographic speciation, has apparently not been the only kind to occur 
within the genus; indeed, it has probably been the less common type. A 
careful survey, including ecologic and relationship studies, of species of 
Acmaea occurring on the coast of California, has in certain instances failed 
to yield the slightest evidence in favor of geographic speciation. The in- 
formation obtained has even suggested that such a method could not have 
been possible. For example, along the west coast of North America occur 
nine species of one subgenus (Collisella) affording every indication of 
close relationship, yet having either completely concurrent or encompassed 
ranges. Inasmuch as the obviously parental form has the greater range 
in every instance in which the range of one species is encompassed by that 
of another, and since the range and population midpoints of the species 
(Schenck and Keen, 1936) do not differ, it becomes practically impossible 
to explain the situation in terms of geographic speciation. 

This study, however, has shown that in every example in which the re- 
lated species have concurrent (or encompassed and encompassing) ranges 
the microhabitats are not equivalent. In fact, the microhabitats are so 
different that the various species are unable to invade each other’s micro- 
habitat and furthermore are isolated from one another by barriers as effec- 
tive as a geographic separation, though very small in size. This isolation 
is emphasized by the relatively slight motility in animals of this genus. 

Studies have indicated that the limpet moves during its lifetime at most 
within a circumscribed area of a few feet. Its hmited movements are ap- 
parently for the purpose of finding food and are at rather infrequent inter- 
vals. Individuals of two species customarily return to their starting point 
at the end of one of their forays (Hewatt, 1940; A. R. Test, 1945c), 
whereas individuals of other species fail to do so (Richardson, 1934; Villee 
and Groody, 1940; F. H. Test, 1945). Whether or not a return to a 
home site is made, the distance traversed by any limpet within its lifetime 
is very limited, actually, to an area of a square foot or two at most. Con- 
sequently, there is great isolation of adults, and mating opportunities are 
largely limited to near-by individuals. There is further limitation of 
movement by substrate, since few individual limpets will leave a suitable 
subtrate to venture upon an unsuitable one, even in the search for a new 
feeding ground. 
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The presumably ancestral species in every instance is a species of 
ereater variability and greater ecologic tolerance than the presumably 
descendant species, and the ancestral species includes among its variants 
some which approach the general structural lines of the descendant species. 
These facts provide the basis for an apparently satisfactory solution of the 
speciation problem in this group. They suggest that speciation in such 
eases has been caused by ecologic segregation of particular extreme vari- 
ants of a variable species within a microhabitat different in its controlling 
factors from that of the parental species, and their effective isolation 
thereby. These variants are such as could not survive within the normal 
confines of the parental microhabitat, but are able to invade some other 
microhabitat unoccupied by and unavailable to less extreme members of 
the parental species. Released from the pressure of population and iso- 
lated from other variants of the parental species by sharply delimiting 
ecologic barriers and by the lack of motility, these variants should provide 
material for selective and geologically rapid development of a new form 
which could attain the qualifications of a new species. 

Such a process as speciation by ecologic segregation depends, however, 
upon certain assumptions. Most important are those with regard to breed- 
ing habits. If speciation has proceeded by the gradual process of selec- 
tion of mutations and extreme variations, complete segregation of the new 
variant from the parent stock must have been effective to permit final fixa- 
tion of the characters of the new species. This would be the case if the 
mutations involved prevented cross breeding of the mutants and the par- 
ent stock, or if the type of fertilization required close approximation of 
male and female, although not necessarily internal fertilization. 

Curiously enough, the literature is very contradictory with regard to 
the method of insemination in Acmaea. It is Willcox’ opinion (1898: 
444; 1905: 332-33) that, possibly, the limpet possesses an intromittent or- 
gan in the renal papilla, and that, probably, mantle cavity fertilization 
takes place. Her evidence is neither conclusive nor convincing, but her 
belief is mentioned for what it is worth. Boutan (1898: 1887-88) defi- 
nitely stated that fertilization is not by copulation, but occurs free in the 
water. This statement is based upon his work on the development of A. 
virginea, but he failed to give his grounds, and the statement is in complete 
disagreement with that of Willcox. He stated that the eges are laid singly 
and immediately washed out into the water, whereas Willcox stated that 
they are laid in a mucous strand. These contradictory statements may 
be based on observations made upon different species. The situation is 
complicated by the possibility that Willcox, as she suggests, may have seen 
unfertilized eggs laid, and Boutan may have seen eges which had already 
been fertilized in the mantle cavity but which did not start development 
until laid. Thiem (1917: 597) made the statement that he believed inter- 
nal fertilization to be very unlikely because of the large number of sperm 
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produced, but this is not pertinent evidence. Fischer in 1863 is said 
(Willcox, 1905: 832) to have made the statement that he had found the 
ovaries of Patella filled with embryos already provided with a shell, which 
would be strong indication of true internal fertilization, However, he (1863: 
321) actually said: ‘‘ . . . on trouverait l’ovaire des femelles rempli d’oeufs 
ou peut-étre méme d’embryons déja pourvus de eoquille.’’ Dall (1879), 
likewise, believed that internal fertilization takes place, but he is said 
(Willcox, 1905: 333) to have admitted later to Willcox that his report was 
based upon Fischer’s comments and not upon his own findings. Further, 
Dall’s statement is said (Willcox, 1905: 332) to have been the authority 
for that made by Tryon in his Manual. Thorson (1935) does provide de- 
finite evidence that Fischer’s ideas were entirely correct, at least as far as 
the species rubella goes. Thu&, for one species, concrete evidence has been 
presented to indicate that internal fertilization must occur. 

Because the evidence is about equally divided on this important issue, 
it is only possible to say that if internal fertilization, or even fertilization 
only of eggs from females near by (close fertilization), occurs among the 
species of Acmaea in which speciation is presumed to have occurred follow- 
ing ecologie segregation, then speciation here may have progressed by the 
usually recognized method of gradual selection of adaptive characters. 
If, however, fertilization should be shown to take place in the water, at any 
distance from the parents, between eggs and sperm washed about in the 
currents, then apparently the only possible explanation for the origin of 
many of the species discussed in this paper would be one something like that 
suggested by Goldschmidt (1933: 543). A single mutation which would 
produce changes sufficiently extensive to prevent interbreeding with the 
parental form would be necessary. If such a mutation occurred in both a 
male and a female (assuming cross fertilization) in the same locality at the 
same time (not impossible in the case of animals with such enormous num- 
bers of progeny and such limited dispersal), or took place in the sex chromo- 
some, a new species could thereby be established, with additional changes 
accumulating in time. 

Only in the event of internal or close fertilization would there be any 
need for ecologic isolation to permit establishment of the new species, but 
the influence of such isolation would affect the trend of evolution in either 
case. In the subsequent discussion, arguments in favor of isolation creat- 
ing the requisite conditions for speciation are understood to apply only if 
fertilization is internal or close. Since no special conditions would be 
necessary where speciation has been by the method suggested for distant 
fertilization, if it ever occurs, no argument is advanced in the individual 
cases. 

Consideration of the manner in which ecologic segregation and selec- 
tion proceed indicates that this type of speciation may only occur where 
the ancestral species possesses much adaptability and a wide range of varia- 
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tion, that is, in those species which are eurytopic in nature. Even more ob- 
viously, it will usually result in the formation of species of greatly reduced 
variability. Thus, the tendency in genera in which the type of speciation 
produced by ecologic isolation has been active must, in general, be from 
the variable and eurytopic to the nonvariable and stenotopic, whereas in 
speciation based on geographic isolation there need be no great reduction 
in either variability or ecologic tolerance, although sometimes there is. 
There may even be an accumulated increase in variability in races pro- 
duced as a result of geographic isolation. 


ILLUSTRATIONS OF THE SPECIATION PROCESS IN Acmaea 


As already stated, speciation caused by ecologic and geographic isola- 
tion is well illustrated in the genus Acmaca. Several examples have been 
selected and are presented. Speciation based on geographic isolation is 
best exemplified by polytypic species in which the process of evolution 
may be going on at the present time. There are at least two polytypic 
species of Acmaea in North America today. In one of them, the geogra- 
phic races have, in the past, been considered to be valid species, namely 
testudinalis (Miiller) and scutuwm Eschscholtz. Actually, these forms can 
be shown to be two geographic races of the species testudinalis (Miller). 
The race which has been known as the species testudinalis occurs along the 
North Atlantic coasts of Europe, North America, intervening islands, and 
coasts of the Arctic circle. The race which has been called the species 
scutum Eschscholtz occurs along the Pacific shores of North America from 
San Pedro, California, to Alaska. North of the Alaska Peninsula, in the 
Bering Sea, are individuals intergrading in every possible character, in- 
dividuals which could as well be placed in one as in the other of these two 
so-called species. Furthermore, examination of the radular ribbon of these 
two species reveals slight variation. The general pattern is the same, with 
such differences in proportions and shape as would suggest that differen- 
tiation is progressing along different lines in the two groups, but as yet 
there has been no break or separation between them. Radulae of speci- 
mens from the region of intergradation are intermediate in type between 
the two extremes, a fact which bears out the evidence derived from the 
shells. 

In view of these facts, there is only one possible interpretation of the 
relationship between these two forms. Instead of two valid species, there 
are two geographic races of one species. The very extent of this polytypic 
species, not with regard to number of races but with regard to geographic 
range, has served to mask its true nature, although more than once it has 
been stated that the two so-called species undoubtedly were subdivisions 
of one species (Dall, 1879: 340; Tryon and Pilsbry, 1891: 11). 

Acmaea fenestrata (Reeve) is another polytypie species of the Pacific 
coast of North America. In the northern part of its range, from Alaska 
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to Cayucos, California, the external color pattern is of plain dark slate 
gray; the aperture is subcircular in shape; the interior is usually suffused 
throughout with shades of brown. In the southern part of its range, from 
Point Concepcion, California, southward, the external color pattern is a 
regular dotting of cream-color pin-point speckles upon a gray-green back- 
ground; the aperture is definitely oviform; the interior has a small brown 
apical spot and a narrow brown border, with a blue intermediate area hav- 
ing but little if any brown suffusion. The difference in appearance be- 
tween these two geographic races is superficially so striking that one would 
never suppose them to be races of the same species. However, the radular 
ribbons reveal that they are of fundamentally the same pattern in both 
instances, with an exaggeration of some features and certain proportions 
in one but not the other. These are only such differences as might be ex- 
pected in two diverging lines. Since intergrades between the two races, 
found between Point Concepcion and Torro Creek, near Cayucos, complete 
the polytypic-species arrangement, the southern race should be called fene- 
strata fenestrata (Reeve), and the northern race fenestrata cribraria 
(Gould). 

These represent the only two polytypic species of the genus Acmaea 
known at the present time in North American waters, although there are 
several other species which show evidence of having originated by the 
method of geographic isolation. 

Along the Pacifie coast of North America are, among many others, four 
species of Acmaea of which the radular ribbons indicate close relationship. 
These species, digitalis Eschscholtz, scabra (Gould), conus Test, and lima- 
tula Carpenter, are distinct, since neither shell characters nor radular 
ribbons ever intergrade. A careful study of the geographic distribution, 
microhabitat, and adaptive characters of each of these leads to the conelu- 
sion that three of them have descended from a polytypic species originally 
of two races, one of which later split into two additional races (see below) 
by the process of geographic segregation. The fourth species, limatula, 
appears to be the result of speciation by a process of ecologic isolation and 
selection (see below). Before discussing the evidence for speciation by 
ecologic isolation and selection in this group, I think it best to discuss the 
evidence in favor of the more familiar speciation of digitalis, scabra, and 
conus through geographic segregation. 

The range of digitalis extends from the western extreme of the Aleutian 
islands, Alaska, to the southern tip of lower California, a distance of more 
than four thousand miles. The microhabitat, near high-water line, in- 
cludes the following factors: (1) microscopic algae for food; (2) eracks, 
depressions, crevices for shelter; and (3) a minimum of submersion. 
Throughout a great part of the range (Alaska to Puget Sound), this spe- 
cies meets with no competitors of the same genus, but south of Puget Sound 
it must compete with scabra, its nearest relative, which occupies essenti- 


WP AVERY RANSOME TEST 


ally the same microhabitat. A. scabra occurs from Puget Sound in the 
north to the southern tip of Lower California. The numerical occurrence 
of digitalis and scabra along their mutual range throws some light upon 
the situation. A. digitalis is very abundant as far south as Point Ar- 
guello, California, but becomes progressively less abundant at localities 
farther south. A. scabra is scarce at most localities along the coast north 
of San Francisco Bay. Equal numbers are present at localities southward 
from San Francisco as far as Point Concepcion, in which region scabra 
becomes the more abundant species, remaining so as far south as the region 
of La Jolla. In addition, a third species, conus is present at Point Con- 
cepcion, California. This species also occupies essentially the same micro- 
habitat as the foregoing two, and competes with them from this point 
southward. It appears in progressively increasing numbers at San Pedro 
and Laguna Beach, although it is relatively scarce north of La Jolla. At 
La Jolla, San Diego, and more southern localities, it is the most abundant 
species in this microhabitat. Thus, the three species must have arisen by 
geographic segregation, since they occupy essentially the same microha- 
bitat in three successive areas, but domination in each area is by a different 
species. In spite of the present extensive overlap of their ranges, the spe- 
cies concerned have different population and range midpoints (Schenk and 
Keen, 1986: 924-26), and hence probably had at one time three distinct 
ranges. Perhaps digitalis once ranged from Alaska to San Francisco, 
scabra from Monterey to Point Arguello, and conus from San Diego south- 
ward. Separation could easily have been effected by the existence of such 
barriers as long stretches of sandy beach, especially if combined with strong 
outgoing currents, such as undoubtedly existed at the Santa Cruz-Mon- 
terey submergence, and probably at the Santa Clara submergence. Either 
one of these factors alone might have been sufficient to effect local isolation 
of the forms on either side of the affected area. Under such conditions, 
geographic races already in existence could have completed their differen- 
tiation into species. If the supposed one-time isolation was later elimi- 
nated, the subsequent dispersal of the recently differentiated species would 
account for the present overlapping of their ranges. This is especially 
probable inasmuch as no one of the species appears to have gained any par- 
ticular adaptive advantage over the others, except possibly that of greater 
tolerance to cold temperature (digitalis) or warm temperature (conus). 
The present distribution of these species is, undoubtedly, attributable to 
the fact that digitalis is more eurythermal than is either conus or scabra. 
This is indicated by a comparison of the distribution of digitalis, which is 
continuous from the Aleutian Islands, Alaska, to the southern tip of lower 
California, with that of scabra, which extends only from Puget Sound to 
the tip of Lower California, and, in addition, is very spotty throughout the 
northern end of the range, with numerous populations only where the tem- 
perature of the water is higher than in the region in general. Tempera- 
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ture tolerance limitations are likewise indicated for conus by its distribu- 
tion, which extends from Point Concepcion to the tip of Lower California, 
with the species becoming abundant only “where the water temperature is 
both high and relatively uniform, as at San Diego. 

The range of limatula, the fourth species of this group, extends from 
Crescent City, California, to the southern tip of Lower California, and 
around into the Gulf of California, at least as far as La Paz. It does not, 
however, occupy the same microhabitat within that range as is occupied 
by the other three species already discussed. Furthermore, it only be- 
comes abundant at Monterey, California (the occurrence north of that 
locality is spotty, the species being abundant only where water tempera- 
ture is high), and remains so as far south as its range extends. Thus, that 
part of its range in which it is very abundant coincides in part with the re- 
gion in which digitalis and scabra compete on equal terms, in part with the 
region in which conus dominates both. It is difficult to conceive how lima- 
tula could ever have been geographically separated from these related spe- 
cies and yet at present occupy a range which is coincident with part or all 
of that of each of the other three species. 

Consideration of the probable taxonomic relationships of these species 
to one another makes the problem of their speciation even more difficult to 
solve upon a geographic basis. A. digitalis, the presumable ancestor of the 
group, lacks pigmentation on the sides of the foot, whereas the feet of scabra, 
conus, and limatula are pigmented. In spite of this common character, 
probably nonselective, these three species do not show evidence of either 
simultaneous or successive origins. The radular ribbon of scabra is most 
like that of digitalis, whereas that of conus is midway between the ribbons 
of scabra and limatula; the latter is least like that of digitalis. The shells 
of conus and limatula are most like those of digitalis in that all possess a 
lustrous internal finish, probably a nonadaptive character, whereas scabra 
has a unique opalescent finish of the interior surface. Still more compli- 
cating in implication, the exterior of the shell of limatula resembles that of 
scabra more than it does any other, since both have ribs elaborated by spinu- 
lescent ornamentation, whereas both digitalis and conus have plain, rounded 
ribs. These facts appear to indicate that the three species, scabra, conus, 
and limatula, must have descended from an offshoot race of digitalis which 
had undergone pigmentation of the side of the foot, and, further, that lima- 
tula must have split off before scabra and conus had become distinct, since 
it has some characters in common with each, and, in addition has a geogra- 
phie distribution indicating temperature tolerance equivalent to the com- 
bined tolerance of the other two species. The implications of these facts 
make speciation of limatula based on geographic isolation seem impossible. 

Consideration of the microhabitat of limatula throws light upon the prob- 
lem of speciation, however, and suggests a process of ecologic segregation and 
selection. A. limatula, as mentioned above, does not occupy the same micro- 
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habitat as do digitalis, scabra, and conus. This species occupies what may be 
described as essentially the intermediate intertidal zone, in contrast to the 
high intertidal zone in which the other three species thrive. The interme- 
diate intertidal zone provides macroscopic algae as food, in addition to the 
microscopic film of algae of the high zone. It is the same zone, and an equi- 
valent microhabitat within the zone, as that occupied by testudinalis scutum. 
Acmaea limatula must, therefore, compete throughout much of its range 
with ¢. seutum. Survival in a microhabitat such as the one occupied by 
limatula depends upon entirely different adaptations than in the micro- 
habitat occupied by the related species, digitalis, scabra, and conus. 

Adaptations for resistance to desiccation are essential to survival in a 
microhabitat near high-water mark. In species of the genus Acmaea, the 
most usual adaptations toward this end are (1) elevation of the shell, which 
permits reduction in diameter and hence size of the aperture, and (2) de- 
velopment of a strong homing habit or instinet (Wells, 1917; Hewatt, 1940), 
which permits growth of the shell to fit the irregularities of the rock, result- 
ing in better retention of moisture. Unfortunately, the value of Wells’s find- 
ings was greatly limited by the utter impossibility of identifying his species. 

In addition to resistance to desiccation, and partly because of the nature 
of the adaptation to that end, shelter is a great necessity to animals living 
near high-water line. This need is aggravated by the greatly increased 
activity of water in this region. The homing instinct helps in this respect, 
increasing likelihood of the return of the wandering individual to effective 
shelter. The reduced size of the foot and aperture also assist, since they 
make available much smaller crevices or depressions. 

With regard to the cause of the first of the above adaptations, increase of 
elevation, Orton (1932) has offered some suggestions. He believed that in- 
creased elevation is solely due to constant tension of the foot muscles for 
maintenance of adhesion and hence is merely a secondary result or corollary 
of exacting conditions of the environment lasting over a period of time. 

Briefly, his theory is to the effect that animals in positions where expos- 
ure to desiccation is frequent and of long duration must spend much of their 
time with foot muscles tightly contracted in order to hold the shell close to 
the substrate ; this action contracts the mantle edge, thus causing deposition 
of the shell in a small circumference. This limits growth in diameter at the 
same time that it forces growth in a vertical direction. Animals in locations 
at which factors enforcing continual tension of the foot muscles are not in 
evidence may spend much of their time with foot muscles relaxed. In this 
condition the foot would be spread out, and shell deposition by the relaxed 
mantle edge would occur in an ever-widening circle, with little or no verti- 
cal growth. This theory seems to offer a sound explanation for much of the 
variation in height-to-width proportions within a species, and for all of such 
variation exhibited by individuals. 

Obviously, it is not the only explanation necessary, since it will not ac- 
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count for the consistent difference in elevation between certain species; for 
the elevation in such a species as persona, which is not only considerably 
elevated, but also has a very large aperture, nor for the rigid restriction to 
limited intertidal zone areas of species with certain height-to-width propor- 
tions (as elevated digitalis to high zone, flat t. seutwm to a low zone). 

These differences indicate that there must be a certain amount of here- 
ditary limitation of the elevation attainable by an individual of any given 
species, as well as a hereditary tendency toward increased elevation of the 
shell in certain species, decreased elevation in others. It is only such a 
hereditary tendency which could limit the vertical distribution of a species 
in relation to shell elevation. Furthermore, the increased shell elevation and 
reduced diameter of certain low intertidal zone species cannot be explained 
as a response to increased tension. Acmaea insessa and instabilis possess 
these characters to a marked extent, yet both live in microhabitats in which 
tight adhesion is unnecessary most of the time, due to the great fluidity of 
the substrate of floating plants and to the almost total lack of exposure to 
desiccation in such a location. 

In addition, I find it difficult to agree with Orton’s statement that ‘‘the 
organism depends upon the surroundings for its characters.’’ As far as an 
indirect dependence (survival of only the suitably adapted individuals) 
goes, and as far as development within limits controlled by hereditary ten- 
dencies goes, I can agree with him, but after a careful study of the large 
group concerned here, I cannot admit the unreserved application of the 
statement. 

Individuals of limatula with adaptations for resistance to desiccation, 
with the concomitant increase in height, would have little chance of survival 
in a habitat where water action is severe. Since desiccation is not a factor in 
this habitat, individuals with an architecture such as that of limatula not 
only have a chance of surviving, but may be the only successful type. The 
architectural pattern of limatula is characterized by a depressed apex and 
a large aperture, similar to that of t. scutwm, the species with which it pre- 
sumably competes through part of its range. Such a shell offers virtually 
no resistance to water impact, and at the same time permits a large adhe- 
sive surface, releasing the animal from the need for special shelter. Even 
the lack of any homing behavior, characteristic of these species, is probably 
an advantage, since the animal feeds when the tide is at flow. At any time 
when the force of water impact increases unduly, the animal needs merely 
to clamp down wherever it is, thereby reducing resistance to the water to a 
negligible minimum at the same time that the full adhesive power of the 
large foot surface is made effective. Such a behavior trait is, of course, of 
greater value to a species feeding during submersion than a homing trait by 
which the animal attempts to reach some more or less distant spot. 

Other facts concerning limatula and related species make the likelihood 
of speciation by ecologic segregation and selection even more evident. For 
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instance, a few individuals of the species scabra may be found at a much 
lower vertical level than is the bulk of the population. Such individuals 
are always those which vary in the direction of a depressed shell architec- 
ture, enlarged aperture, and reduced sculpture. It is not hard to imagine 
that some such extreme variants of a high intertidal zone race, not likely 
to survive within the normal limits of the parental microhabitat, may have 
taken hold in a microhabitat in the lower vertical zone, where ecologic 
conditions were prohibitive to all individuals of the parental species except 
such variants. Owing to the ecologic exclusion of all but similar variants, 
the effective though small distance providing isolation, the rigid ecologic 
elimination of all but similar progeny which must take place, and the very 
limited motility of individuals, a high degree of selection should ensue, 
which might fairly rapidly (geologically speaking) result in speciation, pro- 
viding some of the variations were hereditary. No matter how long inter- 
breeding should remain possible between the old stock and the new, the like- 
lihood would be greatly reduced because of the rigid reciprocal exclusion of 
each stock from the microhabitat of the other and the small but effective dis- 
tance separating their respective areas. Such a process of speciation, in 
which the isolation of the new stock depends upon purely ecologic factors, 
and/or in which the process of selection of genetic characters has been solely 
one of elimination by ecologic agencies of unsuitable characters through 
failure of individuals possessing them to survive, is obviously based on 
ecologic segregation and selection. 

Further examples of speciation by ecologic segregation and selection have 
been chosen from two other groups of species occurring on the west coast of 
North America, each group providing several examples. One of these 
groups appears to center about Acmaea pelta as the original eurytopic 
species. It includes the species pelta, asmi, instabilis, ochracea, and trian- 
gularis, the four last-named being stenotopice divergents from the first, of 
which the range both north and south extends as far as, or farther than, that 
of any of the four descendant species. In this connection, the unusual 
adaptability of pelta and its resultant highly eurytopic nature are im- 
portant, since presumably only from such material could four species of 
very different ecologic adaptations have arisen. 

The geographic range of pelta extends from Yokohama, Japan, across 
the Aleutian Islands, and down the west coast of North America as far as the 
southern end of Lower California. It is significant that this, the most eury- 
topic of North American species, has also the most extensive geographic 
range. A. asmi, closely related to pelta, is rigidly stenotopic and has a some- 
what more restricted geographic range. Its northernmost record is Sitka, 
Alaska, and I have had specimens from as far south as San Quintin Bay, 
Lower California. That part of the range in which the species is most abun- 
dant is the same territory in which pelta is likewise most abundant (Sitka, 
Alaska, to Point Concepcion, California). Here again is a type of specia- 
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tion difficult to explain satisfactorily upon a basis of geographic isolation, 
but which appears logical when considered to be the result of ecologic segre- 
gation and seleetion. . : 

A. asmi is practically limited to existence upon the snail Tegula funebra- 
lis (Adams) by the peculiarities of its structural adaptations. The snail 
occurs in the high intertidal zone on rocky flats, in the crevices, and in shal- 
low pools. The shell of A. asmi is very small with a small aperture, extreme 
elevation of the apex, and some lateral compression. Individuals with these 
traits would be subject to easy detachment by water impact in the Tegula 
habitat, if it were not for the fact that they are almost always upon a snail 
(F. H. Test, 1945; A. R. Test, 1945c) which tends to keep in protected spots, 
and serves as a shock absorber, partly nullifying the effect of water move- 
ment. Since it would only be’ possible for a very small animal with a small 
aperture, and hence limited adhesive surface, to maintain position upon the 
rounded surface of this host snail, animals which grew before sexual matur- 
ity to anywhere near the usual size of adult pelta would be forced to leave 
the snail and attempt to find suitable substrate elsewhere before maturity. 
This would result in automatic elimination of such extreme variants, since 
suitable substrate for large animals of this type is not available within the 
limits of motility of these animals. Further, and perhaps of more immedi- 
ate import, only animals so modified in their feeding habits that they could 
and would subsist upon microscopic algae could attain maturity in this 
microhabitat. The reproducing population must have been drawn from 
those extreme variants of the ancestral species which fulfilled these specifi- 
cations, all others being automatically eliminated by natural selection, as 
suggested above. Thus, almost immediate isolation of the occupants of the 
new microhabitat would result, since the habitat described is not adjacent to 
that of pelta. 

The nearly total lack of individual variation in asm indicates that the 
elimination of unsuitable variants by selection must be rigid. Completion 
of the speciation process from such extreme and segregated variants, as al- 
ready suggested, could be very rapid (again, geologically speaking). All 
specimens of asmi are black, with sculpturing consisting of fine riblets and 
grooves. I have never seen a specimen within the ordinary confines of the 
species habitat with any external color variation, although specimens with 
white interiors are occasionally encountered. The latter variation could 
have no selective value, hence it is not eliminated. The apparently rigid 
elimination of external color variants, which could only be due to predators 
hunting by sight, has resulted in protective coloration to the extent that lim- 
pets of this species appear to be a part of the host’s foot. Possible predators 
upon limpets include various birds (Henderson, 1927: 178; Bent, 1929: 308, 
313, 322; Munro, 1936: 234; Vallentin, 1924: 308-9; Cottam, 1939: 36, 60, 
77, 94, 129), rodents, raccoons, and perhaps crabs. These facts make it 
difficult to explain speciation in this instance by any process other than that 
of ecologic isolation and selection. 
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Another species related to pelta is instabilis. It has a much less exten- 
sive geographic range, encompassed by that of pelta, and extending only 
from the northern end of Vancouver Island to Monterey. This species is 
stenotopic, its microhabitat being limited to the fronds and stipe of the alga 
Laminaria Andersonii Farlow. Individuals of the species are large, as 
plant-dwelling limpets go, with a rocker-like margin resulting from a marked 
downward inclination of the sides of the shell as a correlative of extreme 
lateral compression. This rocker-like margin enables the animal, which 
moves and adheres lengthwise of the stalk, to fit snugly upon the rounded 
substrate provided by the subeylindrieal stipe of the host plant. The shells 
of this species are always of a peculiar brown color and horny texture, giving 
them a striking resemblance to the plant upon which they live. The factors 
involved in the origin of this species appear to have been somewhat different 
from those involved in the instance previously described. The substrate 
plant does not seem to offer any topographical peculiarities which are not 
likewise offered by Postelsia, upon which specimens of A. pelta are fre- 
quently found. Indeed, if casually examined, the specimens of pelta upon 
Postelsia usually structurally resemble the architecture of A. instabilis 
closely enough to be confusing. Laminaria Andersonu, however, does not 
appear to be acceptable food to A. pelta, or else the microhabitat represented 
by it, falling below the low-water line, is too low for pelta, or both. Only on 
the rarest of occasions are specimens of pelfa taken from this species of 
Laminaria. It is readily conceivable, however, that perhaps at some time 
when desirable foods were at a mininum, some individuals of A. pelta which 
would or could tolerate Laminaria Andersonii as food and were able to stand 
the greater depth and reduced length of exposure invaded the vacant mi- 
crohabitat upon this particular plant, and then developed ontogenetically 
and phylogenetically along the lines necessary for existence upon such a 
substrate. Evolution of the population of A. pelta variants upon Laminaria 
Andersonit along stenotopic lines could have proceeded readily, because of 
prompt elimination of all variants except the extremes best suited to the 
microhabitat in question and isolation by the sand around the holdfast from 
the rocks on which pelta is found. The apparent unsuitability of the micro- 
habitat for most members of the parental species would serve as a barrier to 
interbreeding, assuming close fertilization to take place, since only such vari- 
ants as those providing the nucleus for the nascent species could survive in 
the microhabitat. Thus, nearly complete isolation of the nascent species is 
conceivable. 

Equivalent processes can be imagined for the other two species of this 
group, ochracea and triangularis, each along its own pecular lines. It seems 
more profitable to consider the process as it has occurred in another group 
of species in which the ecologic factors determining speciation have been 
still different. 

The group of related species remaining for consideration centers about 
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the testudinalis polytypic species, in particular the geographic race or sub- 
species testudinalis scutum. -As already mentioned, the present-day races 
of the testudinalis species are an indubitable product of geographic isolation. 
Closely related to them are species which have also undoubtedly originated 
by the method of geographic isolation, such as schrenkii Lischke in J apan, 
pileopsis (Quoy and Gaimard) in Australia, and badia (Oliver) in New 
Zealand. In addition, there are several species, persona, fenestrata, INSESSH, 
and palaecea, of which the ranges are entirely or partly coincident with that 
of testudinalis seutum and which appear to have separated by ecologic segre- 
gation and selection rather than from a process of geographic segregation. 

A. testudinalis scutum occupies a microhabitat essentially in the inter- 
mediate intertidal zone, but extending part way into the high and beyond 
the low intertidal zones. In this microhabitat, the aleae Enteromorpha and 
Ulva serve most importantly as food. Certain factors are notable for their 
absence. For instance, danger of desiccation is greatly reduced or absent, 
permitting development of an enlarged aperture which, in turn, permits 
depressed architectural structure. Since special provisions for shelter are 
absent in this microhabitat, the depressed architecture has considerable sur- 
vival value. Inasmuch as the subspecies scutwm of the testudinalis species 
is eurytopic and possessed of considerable adaptability, individuals which 
are structurally extreme radiate beyond the normal confines of the micro- 
habitat, providing material for speciation through ecologic isolation. 

Another polytypic species, fenestrata, seems closely related to testudina- 
lis scutum. This second polytypic species has a geographic range entirely 
coincident with that of testudinalis scutwm, extending from Unga Island, 
Alaska, to San Pedro, California. <A. fenestrata and testudinalis scutum, 
however, do not occupy the same microhabitat. Both geographic races of 
fenestrata occupy a microhabitat in the high intertidal zone (never extend- 
ing lower) comprising only microscopic algae as food, and having as active 
factors frequent danger of desiccation and subjection to severe abrasion be- 
cause of the large amounts of sand in the water. Such a set of factors re- 
quires peculiar adaptations, both of structure and behavior. 

Some adaptation to reduce the danger of desiccation becomes essential. 
This is accomplished in the races of fenestrata by a partly reduced aperture 
and an associated increase in elevation, together with a behavior trait: as the 
tide recedes, the individuals proceed down the side of the rock until covered 
by the sand at its base. At night the animals do not move down. Also, 
occasionally, when the sun is in such a position that the light is evenly dis- 
tributed on all sides with reference to the animal’s location, the limpet fails 
to move; hence, this must be a weak negative phototropic response. Appar- 
ently, the limpet, as the water recedes and the light becomes brighter, moves 
down the side of the rock, keeping within the area of subdued light. This 
trait serves, incidentally, to obviate two other dangers. The bareness of the 
rocks inhabited by this species would make the animals, if exposed by the 
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tide, fairly obvious prey to any predator hunting by sight. Also, mainte- 
nance of adhesion during the ebb and flow of the tide, with the accompany- 
ing increase in water impact, might be endangered if the animal should re- 
main in an unprotected location on the bare rock. The increased thickness 
of the shell is probably the most important adaptation for withstanding the 
abrasive action of the loose sand in the water, aided by the conical shape, 
and the burying trait at periods when the sand action is most severe. 

The species fenestrata, then, although it shows no evidence of ever hav- 
ing had a geographic distribution distinct from that of testudinalis scutum, 
seems to have originated within the latter’s range. It also exhibits striking 
ecologic adaptions which may have had their origin in extreme variants of 
the ancestral race better able to survive in the particular microhabitat oc- 
cupied by the fenestrata group. This microhabitat, untenable to normal 
individuals of the ancestral race, would provide the requisite isolation for 
speciation, especially since the increased elevation of the variants would 
prevent their dispersal back into the ancestral microhabitat. The isolation 
thus provided should offer the necessary condition for speciation to proceed, 
and hence here again species formation would be due to ecologic isolation 
and selection. 

Another species, persona, which is also related to the race testudinalis 
scutum, offers just as good evidence of speciation by a process based on ecolo- 
gic isolation. The range of persona extends from the Shumagin Islands, 
Alaska, to Monterey, California, not as far north nor as far south as the 
more eurytopic testudinalis scutum. A study of the ecologic adaptations 
of the stenotopic descendant, persona, again suggests ecologic segregation 
and selection. The microhabitat of persona is very limited in contrast to 
that of the eurytopic ancestor. The microhabitat, besides being more lim- 
ited, is very different from that of the ancestral species, occurring in a dif- 
ferent intertidal zone. It is limited to the high intertidal zone, comprises 
microscopic algae as food, and is confined to situations where the light is 
reduced, such as the undersurfaces of rocky ledges, roofs of caves, and deep 
crevices. 

In locations of this type, certain factors differ decidedly from those 
affecting the ancestral testudinalis scutum. Danger of desiccation is in- 
creased because of increased frequency and length of exposure, but the very 
nature of the locations utilized (see above) limits the extent of this danger. 
Force of water impact is considerably increased. Danger from predators 
is greatly reduced by the low visibility. Hence, it is possible for occupants 
to meet the exigencies of the microhabitat by adaptations other than those 
encountered thus far, since the differing combinations of ecologic factors 
change the problems involved in selective elimination. As a result of lack 
of danger from predators large size is less a liability than in the species 
previously discussed. Because of some danger of desiccation, increased 
elevation is desirable. The combination of increased size and increased 
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elevation permits an enlarged aperture, which is not too great a liability in 
the situation concerned because of protection from sun and wind. Increased 
elevation, usually an eliminating factor where water impact is great and no 
special shelter from it is available, is compensated for by other features, 
namely, large increase in adhesive power due to the large foot surface cor- 
related with the large aperture, and a streamlined architecture. The shells 
of this species have an outstanding feature, a long, arched, posterior surface 
which is always oriented to receive the impact of the water. The long arch 
is structurally sound for the reception of severe stress, and at the same time 
serves actually to break the force of the impact by its streamline. 

In addition, certain behavior traits are essential to the success of the 
species in this microhabitat. The animals feed only at low tide, and when 
light at the feeding grounds ‘is very dim. This is feasible since, in this 
microhabitat, such a set of conditions occurs frequently. With the first 
persistent splashes of returning tide, or suggestion of increasing light, the 
animals return to their roosting sites, where they clamp down tightly and 
remain until conditions are again right for feeding. Since their food (mi- 
croscopic algae) is abundant and competitors are very few, there is little 
or no difficulty with regard to obtaining sufficient food in the time available. 

Evolution of the architectural structure through ecologic segregation 
and selection is relatively easy to postulate in this species. The type of 
sculpture has not deviated far from that of the ancestral race. The gen- 
eral architecture has diverged considerably, but along lines forecast by vari- 
ants within the ancestral species. The apex is considerably more elevated 
and somewhat more posterior than that of the ancestral species. The elon- 
gated posterior surface is markedly arched, a feature recognizable as an 
extensive exaggeration of the slight convexity of the posterior face of the 
ancestral species. The color pattern is more stereotyped both internally 
and externally. The size is generally larger, and the shells are thicker and 
heavier. Presumably, any individuals developing along different lines 
would very quickly be eliminated from this microhabitat. For instance, 
the flatter individuals characteristic of the ancestral race would die by desic- 
cation during the frequently repeated and relatively long exposures; those 
with elevation, but no long gently arched surface to ease the water impact 
would quickly be forced from the rock, or smashed. Individuals with the 
architectural pattern of persona are most unlikely to survive or succeed in 
other microhabitats. Hence, it is obvious that variants of the ancestral race 
which were extreme enough to invade such a microhabitat would be truly 
isolated from the parental species by a large part of the intertidal zone. 
Speciation could take place by the active selection of the most suitable archi- 
tectural type. Selection must proceed continually in such a habitat. 


DISCUSSION 


From these examples, and others not discussed here, it has become ap- 
parent that in the genus Acmaea, in addition to the process of speciation 


ee AVERY RANSOME TEST 


based on geographic isolation, there has been, and perhaps even more fre- 
quently, speciation from eurytopic ancestors by the process of ecologic isola- 
tion and selection. 

Speciation by ecologic segregation and selection can in this group prob- 
ably only occur from a eurytopic form, and may presumably take place 
rapidly as such things go. The materials for it are variants of a given eury- 
topic species, variants so extreme in their deviation from the normal as to 
make survival in the usual microhabitat of the parental species difficult or 
impossible. Such variants may actually thrive, however, if they settle in a 
suitable microhabitat in which, in their turn, normal individuals of the par- 
ental species could not survive. Such a situation may result in the virtual 
isolation of the variant individuals from normal individuals of the parental 
species, if there is an untraversable barrier between the two microhabitats, 
and with consequent inbreeding of the variants if internal or close fertili- 
zation occurs. Further, all variants in the progeny which revert toward 
the ancestral form are bound to be eliminated from the microhabitat by the 
highly selective action of the ecologic factors involved. The result could 
be the formation of a new stenotopic species having a tendency, because of 
ecologic segregation and rigid selection, to diverge from the pattern of the 
ancestral species by accumulation of the variations successful in the new en- 
vironment. All those ecologic factors which exercise a selective action upon 
the individuals living in the microhabitat may contribute tothe production 
of the new species. In the event that external fertilization takes place, and 
the actual differentiation of a species is due to one mutation without neces- 
sarily involving isolation, subsequent ecologic isolation together with selec- 
tion of the more suitable variants would still play an important part in 
molding the evolutionary trend of the species. 


SUMMARY 


It has become apparent that in the genus Acmaea, in addition to the 
process of speciation based on geographic isolation, there has been, perhaps 
even more frequently, speciation from eurytopic ancestors by the process 
of ecologic isolation and selection. 
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INTRODUCTION 


SEVERAL characters which are useful for the differentiation of species and 
subspecies of insects recur in association in widely separated taxonomic 
groups. Combinations of these characters are present in insects as widely 
separated as the three major groups of mosquitoes (Anopheles, Culex, and 
Aedes), flies of the genus Drosophila, and butterflies of the genera Colias 
and Melitaea. Knowledge of similar associations between characters in other 
insect groups is limited only by the paucity of information. Some similar 
parallel associations are known to be present in other classes of animals. 

Most of the physiological characters that are known to be associated are 
related in some way to the rate of body metabolism. Most of the morpho- 
logical characters concern differences in size or in proportional development 
of the body parts. Color characteristics are also involved. 

It is the purpose of this paper to illustrate these parallel associations 
in diverse groups of insects and to discuss the possible mechanisms by which 
they may have originated. 
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KINDS OF CHARACTERS 


Combinations of the following characters are associated in a particular 
order among the various forms of the groups discussed. Owing to differ- 
ences of opinion in the literature regarding the taxonomic standing of many 
of these forms, the terms ‘‘species,’’ ‘‘subspecies,’’ and “‘race’’ have been 
avoided in this paper. In their place, the term ‘‘form’’ has been used. 

A. Development rate. Insect development can be measured in definite 
units corresponding to the molting periods. In the higher insects there is 
no growth after the adult stage is reached. It is possible, therefore, to deter- 
mine the time elapsed for the complete development of the organism or of 
any part of this life cycle. 

B. Activity. In the adult insect it is not possible to measure growth as 
a characteristic, but it is possible to measure general activity as a quanti- 
tative character. This is usually accomplished under controlled laboratory 
conditions. 

C. Mating habits. Some insects mate more readily in small enclosed 
spaces than do others. Behavior of the former class has been denoted by the 
term ‘‘stenogamy’’ and of the latter class by ‘‘eurygamy.’’ 

D. Keological distribution. Preference for certain types of environ- 
ments may be considered a characteristic of an organism in the same way 
as is any other physiological trait. The environments may be compared as 
north or south, high or low, hot or cold, dry or humid. 

E. Coloration. Usually, only the major color of the insect body is men- 
tioned, that 1s, the body may be dark or light. The coloration is primarily 
due to a browning of and the deposition of melanin pigment in the chitin. 
In the case of pigments of a different chemical origin, as in the Lepidoptera, 
specific mention is made of the fact. 

I’. Larval food tolerance. Some mosquito larvae are better able to live 
in heavy infusions of micro-organisms than are others. This is mentioned 
as the larval tolerance to strong infusion. 
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G. Larval tolerance to salt. Some mosquito larvae are better able to 
exist in water containing salt than ‘are gphers. This is mentioned as the 
larval tolerance to salt solution. 

H. Adult feeding preference. Some mosquito adults prefer a blood meal 
from man rather than from other animals, or will attack man more often 
than do others. 

I. Morphological characteristics. 'The number of hairs emerging from 
a given locus on the body and the length of the hairs are variable and signifi- 
cant. The relative lengths of parts of the body to one another are also 
variable and significant. These differences in growth or in body proportions 
have been mentioned wherever such data are available. 


THE ASSOCIATED CHARACTERS IN MOSQUITOES 
Culex pipiens 


Culex pipiens is one of the common mosquitoes of Europe. The names 
molestus and pipiens are used for two forms of this mosquito which are 
differentiated by certain combinations of physiological and morphological 
characteristics. These traits are listed in Table I and apply especially to 
the mosquito strains studied and reviewed by Jobling (1938), Tate and 
Vincent (1936), and Marshall (1944). 

The chitin color of specimens of Culex molestus is a ‘‘light reddish almost 
rust color with golden down,’’ whereas that of specimens of pipiens is a 
‘‘dark cigar brown’? with the tarsal extremities almost black. Culex pipiens 
is, therefore, darker than is molestus. The white knee spots of pipiens, noted 
by Marshall (1944), are a trend toward a paler color. This is, however, a 
much less significant character than is general body color. 

In Europe, the darker form, pipiens, exists in the north, the lighter, 
molestus, occurs in the south; there is considerable overlapping in ranges. 

C. molestus is a mosquito which, especially in the north, inhabits human 
dwellings. Itis dispersed rapidly by man. In the north C. pipiens occupies 
the natural habitats. 

Although molestus does not require a blood meal for the development of 
eges, it prefers to bite man rather than birds when it does take a blood meal. 
This fact combined with its domestic breeding habits makes molestus a 
nuisance to mankind. C. pipiens prefers birds to man. 

C. molestus is able to breed in extremely small enclosed spaces; this per- 
mits its engagement in its domestic habits, in which mating often occurs in 
small containers. The absence of a diapause in this variety shows that it is 
of a southern or warm climate adaptation. The evidence suggests that it 
is unable to overwinter under natural conditions in any northern Huropean 
locality. In central Europe, it overwinters by breeding continuously in 
relatively warm places such as cellars, cesspits, and animal houses. 

Tests on the comparative developing rates of these races made by Jobling 
(1938) are inconclusive, probably: because of the wide temperature fluctu- 
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ations during breeding of the mosquitoes (as much as 9.5° C. in most of the 
laboratory experiments). The data do show, however, that specimens of 
pipiens may be able to survive better or for a longer period of time below 
a mean of 13.5° C. than do those of molestus. Larval survival in salt solu- 
tions at varying concentrations is greater in specimens of molestus than in 
those of pipiens; likewise, survival of the larvae in a more concentrated 
larval infusion is greater in molestus than in pipiens (J obling, 1938). 


TABLE I 


PHYSIOLOGICAL AND MORPHOLOGICAL DIFFERENCES BETWEEN THE Two PRIMARY 
EUROPEAN ForMs oF Culex pipiens 


Character molestus pipiens 
A. Larval development Poor survival at low Better survival at low 
temperatures temperatures 
B,. Activity at low temperatures Poor Good 
(adult) 
> Diapause Absent Present 


B 
C. Mating habits (comparative Small (stenogamy ) Large (eurygamy) 
size of area necessary for 


copulation) 


D. Eeological distribution Southern (warmer, Northern (cooler, 
dryer) wetter ) 
E. Color (adult) Light Dark 
a. Dark spots on abdomen No Yes 
b. Chitin color Light Dark 
c. White spots on legs No Yes 
F. Tolerance to strong infusion Good Poor 
G. Tolerance to salt solution Good Poor : 
H. Food requirements a. Prefers man a. Prefers birds 


I. Morphological characteristics: 


a. 
b. 
Cc. 


d. 
e 


Number of branches of hairs 

Hair length on larvae 

Comparative length: palpi 
to proboscis 

Siphonal index 


. Branches in the siphonal 


tufts of the larvae (seem 
to be longer in pipiens, 
however ) 


b. Needs no blood for 
egg development 
(autogeny ) 


Fewer 
Shorter 
Palpi shortest 


Smaller 
More 


b. Blood is necessary 
for egg develop- 
ment (anau- 


togeny ) 


More 
Longer 
Palpi longest 


Longer 
Less 


C. molestus and pipiens are not isolated by any known genetic mecha- 
nism. When growing in similar places in their natural habitats, cross-breed- 
ing and the production of hybrid intermediates occur. Tate and Vincent 
(1936) summarized cross mating experiments between these two races. 
Characteristic of these forms was (1) the necessity for a blood meal in order 
to lay eggs and (2) the ability to mate in a'very small space. Neither of 
these characters is necessarily unit-controlled in heredity ; that is, it is possi- 
ble that a complete series of intergradations occur, the two extreme halves 
of which have been fitted, more or less, into the classifications as given above. 
In the F generation, if this is the case, all individuals should be intermediate 
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between the parents. Owing to the nature of the technique it was not possi- 
ble to discover an intermediate condition. 

Tate and Vincent (1936) stated that ‘in the cross-bred adults stenovamy 
(mating in small space) appears in most-of the progeny, if not all, even in 
the F, generation, whilst autogeny (no blood necessary for the production 
of eggs) is exhibited by only a small proportion of the progeny of the first 
three generations.’’ Individuals of molestus will mate in any cage large 
enough to move around in. In the particular experiment mentioned, the 
egg rafts produced by the F, individuals were very small. Specimens of 
C. pipiens produced large rafts and those of molestus produced small ones 
after a blood meal; only molestus produces eggs without a blood meal. Per- 
haps an intermediate condition in this character is suggested in the latter 
experiment. It is possible, likewise, that the mating behavior.would also 
have been intermediate were a different technique used for testing the 
character. 

The data on nine generations inbred from two intermediate F, egg rafts 
suggest a strong selection in the first two generations for those individuals 
which mated in a small space and laid eggs without a blood meal. This selec- 
tion probably continued for the duration of the interbreeding, but showed 
no effects after the fourth or fifth generations, at which time there was devel- 
oped a selected strain comparing well with any pure line of molestus. This 
would be expected under the circumstances, in which the selection began 
with genetically F, pipiens x molestus material and followed the expectations 
of multiple factor inheritance. Normal laboratory strains remain pure lines 
of either molestus or pipiens despite the constant selection in favor of mo- 
lestus, owing to the fact that only a limited genetic variability is available 
to be selected for in the original strain and selection would have no effect. 

Forms having characteristics not identical with those of molestus nor 
pipiens recently have been found in Europe (Callot and Van Ty, 1943). 
These, however, may represent hybridization products of the other two 
forms. 


Anopheles maculipennis 


The Anopheles maculipennis forms have been of interest since their dis- 
covery by Roubaud (1921). There are at least seven forms distinguishable 
in Europe. These occupy greatly overlapping territories, but are distinct 
in adult and larval ecologic-niche preferences (Bates and Hackett, 1939). 
There are distinct morphological differences in the number and branching 
of the hairs of the larvae (De Buck, Schoute, and Swellengrebel, 1930; Bates, 
1939a) or in the size of the float in the egg (Missiroli, et al., 1933). The color 
and pattern of the eggs also serve to distinguish them (reviews, Missiroli, 
et al., 1933; Missiroli, 1988; Hackett and Missiroli, 1938). It is possible, 
though not mentioned in the literature, that slight differences in darkness 
or lightness of chitin in the adults and the larvae exist that are correlated 
with the egg color characters. Differences exist in types of ‘‘mating dance,”’ 
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or rather in premating tactics. These seem to be primarily a matter of the 
amount of space required for copulation to occur (Bates, 1941). The races 
have varying larval tolerances for sea water (Bates, 1939b), and the adults 
have varying preferences for taking human or animal blood (Hackett and 
Missiroli, 1935; and see below). Within any given locality there is a greatly 
different seasonal distribution of the races (Bates, 1937; and Lewis, 1939). 
These are dependent upon the seasonal temperature changes. 

Data of these sorts have been summarized in Table II, giving for each 
race a number corresponding to its position with respect to a given character, 
for example, the lightest race is number 1, the second lightest is 2. Where 


TABLE II 


PHYSIOLOGICAL AND MORPHOLOGICAL DIFFERENCES BETWEEN THE FORMS OF 
Anopheles maculipennis or EUROPE 
Degree of manifestation of each character except H and I, is indicated by the num- 
bers from 1 to 6. 


<< 
a oD 
S| es g s g = 
S) ~ S S g S) 
Character a8 S 3 = S = iS) 
See | epee S 
~ So i) SS 
Se | 8 = = : = 8 
oY SS IS) Ss S 7) = 
C. Mating habit (needs 2 2 i 4 5 5 2 
small to large cage) 
D. Heological distribution ih 2 3 4 5 3 3 
(from south to north, 
low to high elevation, 
hot to cold part of 
year) 
HE. Egg color (from light to i 2 3 4 5 3 6 
dark) 
Tolerance to sea water if 2 2 4 4 3 3 
(good to bad) 
H. Adult feeding preference M M M N N N 9 
(prefers man=M, pre- 
fers animals = N) 
I,. Egg float size (from 1 2 3 4 5 g 6 
small to large) 
I,. Larval chaetotaxy 31 10 al 13 15 22 24 


(actual mean number 
of branches of ante- 
palmate hairs are 
given) 


it has been impossible to derive the relevant data from the literature a ques- 
tion mark has been substituted for the number. Table III is a correlation, 
showing the number of times that a given race has been indicated by a given 
number. A clear correlation is shown for most of the characters. 

With Anopheles maculipennis, as with Culex, these data illustrate that 
the characters are genetically correlated and seem to be controlled by a 
multiple factor (blending) inheritance mechanism. The F, hybrids are 
intermediate in mating habits. The larval hair-number characters (chaeto- 
taxy) are also exactly intermediate in the F, hybrids (Bates, 1939a, 1941; 
but see below). 


PARALLEL SERIES OF OCHARACTERS — a 


As with Culex, the lighter forms prefer to bite man. In Anopheles, 
these are elutus (sacharovi), labranchiae, and atroparvus. These three 
mosquitoes are the malaria vectors in the regions in which any of the races 
occur in the same locality. Bates and Hackett (1939) stated that this man, 
or nonman, preference terminology is unfortunate, since the former implies 
a special preference for man over all other animals and the latter a prefer- 
ence for animals over man. Rather than this, typicus (maculipennis), 
messeae, and subalpinus have a narrower range of hosts. All these mosqui- 
toes prefer to bite cattle or rabbits when man is the alternative ; the difference 
between the types seems to be that some are more general in feeding habits 
than others or that some respond to weaker stimuli than do others. Thus, 
atroparvus and labranchiae respond to the weaker stimuli produced by 
man, whereas the others would not. Nevertheless, Van Thiel (1939) stated 


TABLE III 


CoRRELATION SHOWING THE NUMBER OF TIMES THAT A GiIvEN Form Is 
REPRESENTED BY A GIVEN NUMBER IN TABLE IL 


Number of Times 


al 2 3 4. 5 Uncertain 

CLIT US. toe ce oe 4 8 Re) em rere re Pema ka cas 
(QOTAUNCHIGEN ence Wee Ae, ete ah | eee) | gee cee || aes 
ALTOPATVUS ocr... 1 il By ear Al eee I Mee 
maculipennis .... earl (Oe peice Ob eaeeee ale 4| mene Ee AP ce Ml ha 
SUOOUDUIUUS pee ret ern les [| eneen. Pl tse | ee 
OCSSEC Ce ee ems | ree ee ee iL a A ees 
WCLAN CO Warmer tere | eee lien vase 1 


that zoophilism vs. anthropophilism is a definite smell preference by the 
mosquitoes. 

It was observed by Van Thiel (1926) that the form inhabiting the brack- 
ish-water areas in Holland had shorter wings (atroparvus) than did the 
fresh-water form (messeae). 

Hackett and Missiroli (1935) reviewed the data on the structure of the 
spines on the male genitalia of the forms. According to their figures (from 
material of La Face), the darker forms, melanoon and messeae, have much 
thicker and heavier spines than do the lighter forms, atroparvus and la- 
branchiae, whereas the intermediate type, maculipenmis, itself is intermedi- 
ate. Thus, details in male genitalia may be ecogenotypically as variable as 
any other end product of a complex development. 

These authors provide illustrations of variation in structure of a hair of 
the second abdominal segment of the larvae. The hairs on the darker forms 
(melanoon and messeae) are greatly expanded and developed, in the lighter 
forms (labranchiae and atroparvus) they are short and stubby, whereas in 
the intermediate form (maculipennis) they are intermediate. These differ- 
ences agree with those of the antepalmate hairs described below and the male 
genitalia spines described above. 
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Data on the branching of the antepalmate hairs of the various macu- 
lipennis forms have been summarized by Bates (1939a). These data do not 
agree completely with those obtained on the other characters, unless the 
forms are divided into subsections, as has been suggested by Hackett and 
Bates (1939), Bates (1940), and others, who place sacharovi as a specific 
unit separate from the maculipennis complex. These sections are: (1) 
sacharovi (elutus), (2) subalpinus and melanoon, (3) labranchiae, atro- 
parvus, maculipenmis, and messeae. 

Within each of these divisions, the number of branches on the antepal- 
mate hairs follows the same pattern of variation. Likewise, most exceptions 
to the rule as noted for the other characters are eliminated. 

Hybridization of some A. maculipennis forms led to the determination 
that the F, hybrids are intermediate between the parents in the branching 
of the antepalmate hairs (Bates, 1939c). Hybrids tested were as follows 
(the numbers represent the hair number): atroparvus (11) x subalpinus 
(22) giving F, (16) ; and atroparvus (11) x sacharovi (81) giving F, (17). 

In geographical and ecological distribution, each form of the group is 
distinct, but overlaps some one or more of the others. Despite this overlap, 
there seems to be little natural hybridization among them. The data of De 
Buck, Schoute, and Swellengrebel (1934) and Bates (1939c) suggest that 
intercrossing would be rather ineffective in transferring genes from one 
population to the other. Sterility of one sort or another seems to result 
from intercrossing ; yet in some instances hybrid individuals are fertile and 
give rise to fertile progeny in backcrosses. 

In distribution the darker forms are more northern and the lighter are 
more southern. Where the two occur in the same general locality, for 
instance in Albania, the darker are commoner at the higher and cooler ele- 
vations than are the lighter. There is a definite segregation of the races 
latitudinally and climatically, even though a tremendous overlap occurs 
(Lewis, 1939 ; Bates and Hackett, 1939). The distribution of melanoon and 
subalpinus seems less definitely known than that of the others and, on this 
account, their distributions are more difficult to correlate. 

In the several parts of Albania, there is a great change in the frequencies 
of the forms at various times of the year (Lewis, 1939). At the sea-level 
localities, subalpinus and maculipennis (both intermediate in color) are most 
abundant in the spring; there is an increase of each in population as the 
season progresses. There is, however, an even greater increase of sacharovi 
(lightest colored). At an intermediate elevation in the mountains macu- 
lipennis is most abundant, but in the warmer part of the year the population 
increase of subalpinus and sacharovi is comparatively greater. At the 
locality of highest elevation, maculipennis is most common early in the sea- 
son, but is largely superseded during the warmer season later by subalpinus. 

Ecological segregation also exists with respect to the type of breeding 
place selected by a form. For example, in northern Europe atroparvus 
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occurs along the coasts, usually in brackish water; in the south, however, it 
breeds in fresh water and at inland localities. A. labranchiae is confined 
to the coastal areas of the Mediterranean west of the Adriatic; this is the 
part having the warmer winter temperatures. In the southern parts of its 
range it breeds in all habitats; in the north, breeding is only in brackish 
water. A. messeae is a continental type, breeding only in fresh water and 
preferring situations where the winters are cold. A. sacharovi is the Near 
Hast form occurring in the Balkans and along the coast of Italy, in Albania 
only in the coastal marshes. In the hottest part of the summer, it ranges 
inland. <A. maculipennis itself is the most widely distributed of all, but 
it is ecologically intermediate in its preferences. It gives way to atroparvus, 
sacharovi, and labranchiae in the south and to messeae in the north. In 
Albania, during the warm season, it is replaced by sacharovi at the lower 
elevations and by subalpinus at the higher elevations. 

The evidence suggests that the races which seem to prefer brackish or 
salty water in any region may not actually prefer it, but are merely able to 
tolerate it. They may live in brackish water within an area because it may 
be the only place available in the vicinity not already occupied by another 
form better suited for competition there. For example, in the northern parts 
of the distributions of each of the southern forms, atroparvus, labranchiae, 
and sacharovi, the larvae breed in salt water. In the southern parts of their 
ranges in the absence of the more northern races, they also occupy fresh 
water. The range of each of these forms is different. Thus, three factors 
may regulate the coastal, brackish-water distributions of these southern 
mosquitoes in the north: (1) the colder winter temperatures inland, (2) the 
competition inland with the northern forms, and (3) the better tolerance 
to salt water of the lighter or more southern forms. 

In sexual behavior, the forms align themselves in order corresponding to 
the color types. These are shown in Table II (from De Buck, Schoute, and 
Swellengrebel, 1930; Corradetti, 1987; Bates and Hackett, 1939; Bates, 
1941). The observation in Haemagogus (Hovanitz, 1946a) that this behavior 
is of degree only and therefore is likely regulated by a complex hereditary 
mechanism is illustrated by the results of a cross between a form that will 
mate in a cage of any dimension (atroparvus) and one that will mate only 
in a very large cage (typicus or maculipennis). The hybrid individuals 
swarm (the preliminary to mating) in the same size cage as the form 
labranchiae. A. labranchiae is intermediate between atroparvus and macu- 
lipennis. 

Haemagogus 


Haemagogus mosquitoes are closely related to the Aedes group. Hight 
forms are present in the northwestern part of South America. Most of these 
have different geographical distributions. In some places as many as three 
forms occur in the same forest patch, others seem to be replaced geographi- 
cally by another form (Kumm, et al., 1946). 
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Judging from geography alone, one may divide these Haemagogus forms 
into the following groups: (1) falco, (2) equinus, andinus, (3) splendens, 
lucifer, boshelli, and possibly chalcospilans, (4) anastasioms. By qualita- 
tive morphology, these same groups are apparent (Table IV). 

H. anastasionis, chalcospilans, equinus, and lucifer occur in various parts 
of Central America, but not south of Colombia in the same form. 4H. andi- 
nus occurs at higher elevations in a cooler climate than do the other species. 
H. lucifer, splendens, and boshelli occupy contiguous geographical areas 
without overlapping. H. splendens occupies all the hot area in northeastern 
Colombia and adjacent Venezuela, which is characterized by a very long dry 
season ; lucifer occupies the more central parts of Colombia; boshella occu- 
pies the rainy coastal area of the Chocé, where no dry season seems to exist. 


TABLE IV 
COMPARISON OF SOME QUALITATIVE CHARACTERS OF COLOMBIAN 
Haemagogus MOsQuitoEs 


splendens, | 
Character see Mh, equinus andinus Ce falco 
chalcospilans 

Antennae of male heavily 

or lightly plumose Light Heavy Heavy Heavy Heavy 
Palpi length Short Long Short Short Short 
Tarsal claws of female 

toothed No Yes Yes Yes Yes 
Postnotal setae Present Absent Absent Absent Absent 
Second marginal cell on 

wing longer or shorter 

than petiole Longer Shorter Shorter Shorter Shorter 
Comb seales on larvae Patched In line In line In line In line 
White spots on femora Absent Present Present Absent Absent 
White scales on thoracic 

lobes Absent Present Absent Present Present 
Sternopleural setae of 

larvae Absent Present Present Absent Absent 


H. falco reaches its most northern limit in Panama. Geographical dif- 
ferences are apparent within this group: the populations of eastern Colom- 
bia are different from those of the western area (Table V). H. anastasionis 
has a sporadic distribution in Colombia. Quantitative morphological and 
physiological characters separating these Haemagogus are given in Table V. 

For the physiological characters, numbers are given to each species, as in 
Anopheles, to represent the relative position with respect to the other races 
in the quantitative characterization of the racial features. In the group 
splendens-luctfer-boshelli, splendens is at one extreme, boshelli at the other, 
and lucifér is in the intermediate position. Each character corresponds to 
a similar one in the Anopheles group. Of the other H aemagogus, H. equinus 
is the second lightest in color and generally has second place in the table. 
H. andinus is the darkest, with the possible exception of boshelli, and is 
generally in the last place. In the equinus-andinus group, equinus takes 
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precedence over andinus. Haemagogus anastasionis is an intermediate 
entity, though it is unique. H. falco also stands apparently unique, but it 
is darker than is anastasionis. 

As in Anopheles there seems to be a constant seasonal change in the 
frequencies of the forms in the same locality as well as regularities in the 
spacial distribution. For example, at a place called Volcanes, where lucifer, 


TABLE V 


COMPARATIVE RATINGS OF PHYSIOLOGICAL AND MORPHOLOGICAL DIFFERENCES BETWEEN THE 
RACES AND SPECIES OF COLOMBIAN Haemagogus MOSQUITOES 


S 
E 8 
Sel Al SRS es & 
Sele le a ees Sele oe 
A. Development rate (fastest to 2 4 5 il 2 2 3 
slowest) 
B. Activity of adults (25-28° C.) 1 3 3 2 + q 5 
C. Ease of mating in cages (small 1 3 3 2 4 g 5 
to large) 
D. Ecological distribution (hot- 1 4 6 2 7 3 5 
arid to cool-humid) 
EH. Adult coloration (light to dark) 1 5 6 2 if 3 
F. Larval ability to withstand i 2 3 1 3 q 2 
strong infusion (strong to 
weak) 
I. Morphological characteristics: 
(mean numbers) 
Upper posterior pair of head ul 1 il i 2 1 1 
hairs 
Lower anterior pair of dorsal 2 2 i il i 1 
head hairs 
Hairs in ante-antennal hair tuft 3 5 5 3 8 3 3 
Seales in comb 18 24 34 8 10 8 7 
Seales in pecten 16 13 14 12 iY 15 10* 
Hairs in lateral tuft on anal 2 3 2 2 5 5 2* 
segment 
Ratio: siphon length to width 1.5 1.5 2 2 3 2 1.5 
Scales in pecten tuft 3 3 4 2 3 3 oe 
Setae tufts on side piece, male 0 1 3 g 3 q q 
genitalia 
Setae on venter of male adult 0 q 9 Few | Many g q 


Se ee OEE 


* These scales and hairs are longer in falco than in equinus; in the case of falco, 
there are four hairs instead of two in material from Leticia in far southeastern Colombia ; 
likewise in the case of the ante-antennal tuft there are three hairs in the material from 
east of the Cordillera Oriental and two in that from west of there. 


equinus, and falco occur together in the same forest, Boshell recorded for 
May and June, 1943, all the males as lucifer (Kumn, et al., 1946). In Oc- 
tober, 1943, during a dry period, 54.8 per cent of the males were equinus 
and 45.2 per cent were lucifer. No males of falco had to that date been 
obtained in the wild. In the same May and June above, 88.3 per cent of the 
females caught were falco; in October and November, most were equinus. 

In another locality where the rainy season catch is andinus, during the 
dry season only specimens of anastasionis were obtained. The trend seems 
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to be toward the darker form during the rainy, cloudy, or cooler part of the 
year and toward the lighter forms during the dry, sunny, and warm part 
of the year. This is similar to the trend noted for Anopheles maculipenms. 


Anopheles albitarsus 


A species or variety of Anopheles albitarsus, characterized by its domestic 
habits and by its fondness for taking human blood, exists throughout the 
central lowlands of Brazil in the vicinity of Rio de Janeiro. It is a notori- 
ous malaria vector (A. L. Ayroza-Galvéo, personal communication). This 
race has been given the name Anopheles albitarsus domesticus. At the higher 
elevations at Sao Paulo, Brazil, there exists another variety (A. albitarsus 
albitarsus) which is not an effective vector of malaria; it lacks domestic 
habits and feeds rarely on human blood. This race also lives throughout the 
temperate parts of Argentina to the south. It apparently prefers cool living 
conditions in contrast to domesticus, which occupies the tropical lowlands 
to the north. In body characters the two races are distinguished by the 
extent of melanization of the tarsus; in specimens of domesticus the second 
hind tarsus is only about 50 per cent melanic, whereas in those of albitarsus 
(typical form) the corresponding structure is about 70-95 per cent melanic. 
Therefore, the character correlations compare with those in other mosquitoes. 


THE ASSOCIATIONS BETWEEN CHARACTERS IN OTHER INSECTS 


Kuhn and von Engelhardt (1937) have shown that a genetic mutant of 
a moth in which the wings are suffused with melanin pigment has greater 
viability under conditions of lower temperature and increased humidity than 
has the same moth without the mutant effects. It also has a slower develop- 
ment rate. This is a pleiotropic effect of a single gene. 

For many insects the data which point toward a correlation between 
body color and ecological living preference, especially in the Lepidoptera, 
have been received earlier (Hovanitz, 1941). The correlations correspond to 
those in the mosquitoes. 

The genus Drosophila has similar correlations. Table VI shows the corre- 
lation between the development rate of twenty-two species of J apanese Dro- 
sophila and the amount of darkness which these species exhibit in their body 
color. Darkness is associated with slow development rate and lightness with 
rapid development rate. Correlations with the nature of the environment 
as judged by northern versus southern distributions also have some signifi- 
cance. The average length of development for all species listed by Kikkawa 
and Peng (1938) as Arctic or temperate in geographical distribution is 14.6 
days (thirteen species) ; for those with a tropical distribution, the average is 
10.5 days (seven species). The growth rates were tested in the laboratory 
at a comparable temperature of 26° C. 

The comparative rates of development between some closely related 
Drosophila species or races which differ in chitin color may be illustrated 
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by D. pseudoobscura (race A), D. pseudoobscura (race B or persimilis), and 
D. miranda. These species or races occupy contiguous or overlapping geo- 
graphical regions from south to north in the order given. D. miranda is the 
darkest in color, whereas race A of pseudoobscura is the lightest ; races A and 
B are not obviously different in this respect. Under the same conditions, 
D. miranda develops the slowest of the three. D. pseudoobscura race B (per- 
similis) is second, and race A develops the fastest (Poulson, 1934 ; Dobzhan- 
sky and Epling, 1944). 

These differential developing rates, colors, and ecological preferences are 
associated with some other physiological characteristics. At 25° C., race A 
deposits more eggs than race B; at 19° C., both races are about equal in 
fecundity ; and at 14° C., race B is superior to race A (Dobzhansky, 1935). 
The life expectancy of race A in the absence of food is greater than that of 


TABLE VI 


CORRELATION BETWEEN DEVELOPMENT RATE AND COLORATION or ADULTS 
IN JAPANESE Drosophila 
Development data from Kikkawa and Peng (1938) ; classification into arbitrary color 
classes by A. H. Sturtevant (personal communication). Arbitrary scale of pigmentation: 
lightest = 1, darkest =5. 


Development Days 


at 26° C. 1 ° 3 & i 
10 2 3 0 0 0 
12 2 5 0 1 0 
14 1 1 1 1 0 
15 0 0 0 1 0 
16 0 0 0 1 0 
18 0 0 0 1 0 
20 0 0 0 1 0 
25 0 0 0 0 1 


race B (Lilleland, 1938). This may be an indication of a greater resistance 
to desiccation in race A than in race B. Apparently, there is a slightly 
different rate of oxygen consumption in the two forms (Dobzhansky and 
Poulson, 1935). The frequency of wing beats per unit time in flight has 
been found to be greater in race A than in race B (Reed, Williams, and 
Chadwick, 1942). This may be an index of activity of the adults. Mather 
and Dobzhansky (1939) have found that the number of sex comb teeth is 
slightly greater in A than in B and that the wings of B are slightly larger 
than those of A. The wings of specimens of miranda and the body size in 
general are larger than in either race of pseudoobscura; also the teeth in the 
sex combs are more numerous than in pseudoobscura. These characteristics, 
except for sex comb number in races A and B, are parallel to corresponding 
characters in the mosquito races. These data are summarized in Table VIL. 

In the races and color forms of Colas butterflies in North America, corre- 
lations of the same type between genetic characters of growth and form, 
color, and geographical distribution are present. The correlations between 
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color and form hold whether races (or close species) are considered (Hova- 
nitz, 1944ab) or whether a single genetic mutant within a race is considered 
(Hovanitz, 1944¢, 1945a). Color, ecological distribution, laboratory environ- 
mental preferences, and development rate so far as is known are similarly 
associated. With Colias, it was possible to illustrate by experimental ma- 
nipulation of the environmental conditions how the resulting change in 
metabolic rate affects directly the morphological and color characteristics of 
the organism (Hovanitz, 1946b). As in the mosquitoes, the race with the 
higher metabolic rate and southern-type characteristics has been better 
enabled to become a pest to mankind (Hovanitz, 1944d). 


TABLE VII 


CoMPARATIVE PHYSIOLOGICAL AND MORPHOLOGICAL DATA ON THE 
Drosophila pseudoobscura GROUP 


pseudoobseura B 


pseudoobscura A (persimilis) miranda 

A. Development rate (fastest to 

slowest) a 2 3 
B,. General activity High High Low 
B,. Frequency of wing beats 

(high to low) ail 2 3 
B;. O, consumption (probable) 

(higher to lower) 1 2 q 
D,. Eeological distribution (warm-dry 

to cool-wet) 1 2 3 
D,. Feeundity best at temperatures High Low 2 
D;. Life expectancy without food 

(good to bad) i 2 g 
E. Color (light to dark) 1 2 
I,. Number of teeth in sex combs 

(low to high) 2 it 3 
I,. Wing size (small to large) ¢ 2 ill 3 
I;. Tibia length 2 1 g 


The races of Melitaea chalcedona exhibit a similar array of character- 
istics (Hovanitz, 1942, and unpublished observations). The darkest races 
inhabit ecological areas having cooler and wetter environmental conditions; 
the lightest races inhabit ecological areas having hotter and dryer environ- 
mental conditions. Laboratory observations indicate that the light races will 
mate more easily in small cages than will the dark. Likewise, the develop- 
mental rate of the lighter is more rapid than that of the darker. 


DISCUSSION 


The preceding examples illustrate the occurrence of a parallel series of 
associated physiological and morphological characters in several different 
species groups of mosquitoes and other insects. The associated characters 
are various qualities of (A) development rate, (B) activity of adults, (C) 
mating habits, (D) ecological distributions, (EZ) coloration, (F) larval food, 
(G) salt tolerances, (H) adult feeding preference, and (I) morphological 
characteristics. 
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In each instance where information is available (Table VIII), that i is, for 
Culex pipiens forms, Haemagogus forms, Drosophila species, Drosophila 
pseudoobscura forms, Colias forms, and other Lepidoptera, there isa range 
in variation of the species from those with a slow to those with a fast rate of 
development. These differences in the rates of development are correlated 
with the variation of certain other characteristics. For example (Table 
VIII), some forms of Culex pipiens, Haemagogus, Drosophila pseudoobscura, 
Colias, and other Lepidoptera have, in association with the rapid develop- 
ment rate, a greater adult activity. In Culex and Colias the existence of a 
diapause is considered an indication of a lowered activity. The members 


TABLE VIII 


THE INFORMATION AVAILABLE IN THE SPECIES GROUPS AND THE DEGREE oF THEIR 
Fir IN THE CORRELATIONS 
Key: +, information available and a fit with the variation expected. 
Blank, no information available. 
+, information available, data in agreement, but uncertain, or not directly 
applicable. 
+*, a partial disagreement with the direction of variation expected in the 
group, but the general trend being in agreement. 
+°, an apparent disagreement, due to different pigment involved. 
0, information available, but no positive or negative fit. 


Anoph- | Anoph- : Dro- 
Culex eles eles Haema- ae sophila Golkas tae 
ip - Ibi- gogus SOR nUt pseudo- 2 P 
pipiens shee ae € species : doptera 
lUipennis tarsus obscura 
A Bs t + + = he 
B + + + + + 
Cc + +* + + + 
D + - + o +* + + + 
E +* + + + + + +9 + 
F +f Ba 
G + + 
H - - + 
I +* + +* +* 0 0 


of the Drosophila pseudoobscura group exhibit greater activity by a higher 
oxygen consumption and by a higher frequency of wing beats. Observable 
differences in activity are also evident to the laboratory observer. The 
greater fecundity of the one race (A) at a higher temperature than of an- 
other form (B) may be an indication of activity differences at the tempera- 
tures compared. Motion or flight activity in captivity in other groups has 
been observed directly. 

The members of many groups of insects eae in their ability to mate in 
a small enclosed space. Some forms require very little space for flight. 
Others require a large area before the sexes will be attracted or will copulate. 
In each group a series of forms requiring from little space to large space may 
be arranged. In each of the groups, Culex pipiens, Anopheles maculipennis, 
Haemagogus, Colias, and Melitaea, such a series may be arranged. Each of 
these falls into concomitant association with the other physiological charac- 
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ters, namely, rate of development and activity. There is, however, a dis- 
cordant species in the Anopheles maculipennis group concerning mating 
habits. 

The ecological distributions of the members of these species-groups differ 
in that some forms exist in a cold or damp climate and others in a hot and 
dry one. Each group (Table VIII) forms parallel series with the other 
groups in regard to this character. Species which prefer cold and damp 
climates are.sluggish (less active), have a slower development rate, and need 
a large space for mating. Owing to the fact that the relationships hold well 
only for closely related members of a group, the general species of the genus 
Drosophila possess this relationship in a statistical sense only. Others, such 
as the Anopheles maculipennis group and Haemagogus show it best when 
subspecies rather than species are compared. The greater the phylogenetic 
diversity the less the amount of regularity which can be expected in direct 
comparisons. 

In the darkness of melanin pigmentation or of chitin coloring, the mem- 
bers of the groups fall into series which vary concomitantly with other 
characters. Darkness of pigmentation is associated with a cold and damp 
climate, a sluggish behavior, a slow development rate, and the necessity for 
a large space for mating. In Colias, a pigment of a different chemical nature 
from melanin gives a reversal to the usual associations for color. With 
respect to melanin in this genus there is no reversal. In Culex pipiens, there 
is a partial lightening of color where a darkening might be expected, but the 
general body is dark, as expected. 

The relationships of the tolerance to various concentrations of larval 
food and salt solution have been determined in only three groups (only two 
thoroughly. In Culex pipiens, various concentrations of salt solutions and 
of density of micro-organism infusions have been tested. In Anopheles 
maculipennis only salt solutions and in Haemagogus only infusions have 
been tested. In all three cases the forms in a group which can withstand 
the most concentrated solutions and infusions are those which have the fast- 
est development rates, have the greater activity, can mate in a small space, 
prefer hot or dry environments, and are pale. 

The characteristic concerned with the adult feeding habits can be applied 
to mosquitoes only. For a blood meal these have a choice between man and 
animals. In each of the three groups on which information is available, 
namely, Culex pipiens, Anopheles maculipennis, and albitarsus, the species 
which bite man are those which also have the characteristics enumerated in 
the preceding paragraph (see also Table VIII). 

Associated with these physiological characteristics are certain morpho- 
logical ones which have been discovered to aid in the differentiation of closely 
related species. They are generally body-size characters or differences in 
specific proportions and amount of development of body protuberances or 
appendages. In Culex pipiens, these characters are: number of branches to 
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the hairs, hair length on the larvae, palpi length in relation to the proboscis, 
relative length of the siphon, and the number of branches in the siphonal 
tufts of the larvae. In relation to each of these characteristics one form 
might be described as having fewer or being shorter or smaller, and the other 
as having more or being longer or larger. Thus, all characteristics vary in 
parallel, except the number of branches in the siphonal tufts, which is 
greater when the other characters are on the decrease. In compensation for 
this exception, the length of these tufts is shorter when the number of 
branches increases. 

The morphological characters which are considered in Anopheles macu- 
lipennis are the number of branches of antepalmate hairs in the larvae, the 
relative length of the wings to the body, the robustness of some spines on 
the male genitalia, and the expansion of hairs on the second segment of the 
larvae. In all instances, when the group is divided into three natural parts, 
there is a correlation between increased number of hairs, length of parts, 
robustness of parts, and expansion of hairs. 

The morphological characters of the Haemagogus mosquitoes fall into 
the same general classes. Four different sets of hairs have been counted. 
The number of scales in the comb and pecten and in the pecten tuft of the 
male genitalia and the ratio of the siphon length to its width have been 
analyzed. With few exceptions, when the number of hairs or setae increases 
at the different loci (seven loci), the number of scales increases at the other 
loci (two loci) and the appendage length increases (siphon length). In the 
three cases in which exceptions have been encountered, the exceptions have 
been compensated for by increases in other ways, that is, if the numbers of 
hairs or scales have decreased where an increase is expected, an increase in 
length may compensate (Table V). 

Only three morphological characters are analyzed in Drosophila pseudo- 
obscura, namely, number of sex-comb teeth and the size of the wing and tibia. 
As these measurements were not comparable with some part of the body, they 
are difficult to interpret. The variation of all characters is parallel in these 
three forms (Table VII). 

In Culex pipiens, Anopheles maculipennis, or Haemagogus a correspond- 
ing type of morphological variation has been shown to be associated with 
corresponding types of physiological variations. The increase in the num- 
bers of hairs or scales or in length of body appendages or hairs is correlated 
with a slower development rate, a sluggishness of the adults, a requirement 
of greater space for the copulation flight, a preference for cooler and wetter 
environments, a darker melanin coloration, a poor larval food and salt toler- 
ance, and an adult preference for animal blood. Races A and B of Dro- 
sophila pseudoobscura exhibit an indirect relationship which is difficult to 
explain, since D. miranda shows a direct one. But this may be explained 
below. 
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Interpretation 


The interpretation of these phenomena must be based upon biological or 
natural processes at two levels. The first level is marked by the association 
of different characters in a species group of animals and their concomitant 
variation within that group. At the second level is the repeated variation or 
parallel association of these characters in discrete species groups. With an 
explanation secured for the first level, the second will readily be understood. 

An investigation into the developmental mechanics of the characters dis- 
cussed above may throw some light on the meaning of their association. One 
is handicapped here, however, since the information in these fields is very 
meager. Most of the fundamental principles governing the developmental 
physiology of the characters under discussion are still unknown. Without 
a knowledge of the interrelationships in development of these various char- 
acteristics, most hypotheses will fall far short of their goal. 

The associations of the characters described above and their concomitant 
variation within a species group might be due to one or other or both of two 
genetic mechanisms. First, all the characters may be controlled in develop- 
ment by the same gene or by a closely linked group of genes. This would be 
an example of the pleiotropic or manifold effects of genes for which increas- 
ing evidence is becoming available. It would seem illogical to attribute all 
the associations between the characters of these animals, however, to such a 
mechanism. The second possible interpretation is independent of the first. 
Each character might be independently regulated in development and 
happen to be associated because of selection by the same factors of the 
environment. The evidence indicates that each of these possible mechanisms 
probably plays some part in the development of the associations described. 

Some of the best evidence supporting the pleiotropic nature of many of 
the associations has been summarized by Neel (1940) from other authors, all 
pertinent parts being reproduced in Table IX. This table shows the corre- 
lation between character expression and increased temperature and increased 
body size in Drosophila melanogaster mutants and wild type. The primary 
effect of temperature on the body processes in insects is to increase or de- 
erease the body activity. An indirect relation may then be made between 


TABLE Ix 


A COMPARISON OF THE CORRELATION BETWEEN CHARACTER EXPRESSION AND 
HIGHER TEMPERATURE AND GREATER Bopy S1zz (D. melanogaster) 


Character Higher Temperature Greater Size 
Wild-type wing length Decreased Increased 
Fore-femur length : Decreased Increased 
Number of teeth in wild-type Increased Increased. 

sex comb 
Vestigial wings Decreased TInereased 
Seute bristles Some increase Same 


Some decrease 
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increased activity and character expression. The wild-type wing length was 
decreased by higher temperature, but also increased with increase in body 
size. The fore-femur length was decreased by higher temperature and in- 
ereased by larger body size. The number of teeth in the wild-type sex comb 
was increased with a higher temperature and also increased with larger body 
size. The size of vestigial wings was decreased by increased temperature 
and increased with increased body size. The number of scute bristles was 
increased in the case of some strains and decreased in others. 

Comparison of these results with the associations of characters in wild 
forms described in this paper shows significant correlations. Drosophila 
pseudoobscura (Table VII) shows an increase in number of teeth in the sex 
combs in relation to the size of the form; that is, race B is the smallest and 
has the smallest number of teeth, race A is intermediate, and D. miranda, 
the largest in size, has the greatest number of teeth. Tibia length, wing size, 
and number of teeth in the sex combs also are directly correlated. Since the 
correlation of these characters is probably independent of some of the other 
characters, the misfit of these data as indicated in Table VIII is not illogical. 
As the sex comb teeth number is also correlated with increased temperature 
(inereased activity), race A is not out of place in having a larger number 
of teeth than race B; miranda, however, is. One cannot expect the char- 
acters to fit two opposed factors. 

The relation of activity and temperature to bristle number increase or 
decrease is variable. Nevertheless, in most stocks there were more bristles 
induced at lower temperatures and fewer at the higher temperatures (Child, 
1936). There is a direct correlation between the size of the body and the 
number of chaetae at various places on the body (Neel, 1940 and 1943), the 
larger the size, the more bristles at any locus. Body size is indirectly corre- 
lated with temperature in Drosophila; large flies are produced at lower tem- 
peratures and smaller ones at higher (Stanley, 1935; Combs, 1937). Thus, 
at the lower temperatures more bristles should be produced. Ives (1939) 
found more bristles in a scute mutant at high temperatures and less in a wild 
type. But it is a wild type with which we are concerned. 

A comparison of these correlated developmental phenomena shows that 
the forms which exhibit a more rapid development rate and greater activity 
are also those forms which have fewer parts in or a lesser development of 
the hairs, appendages, etc. (Culex pipiens, Anopheles maculipenms, Hae- 
magogus, Drosophila pseudoobscura). In most of the forms with an increase 
in bristle, hair, or chaetae number or length, there is a parallel variation of 
these units in all parts of the body. This is present despite the fact that 
different loci are under different genetic regulation as judged by their inde- 
pendent variations (Ives, 1939; Helfer, 1939; and Neel, 1941). There is 
however, in polychaetoid D. melanogaster, a relation between the number 
of bristles present at a body locus and their total length (Neel, 1940). 

There are numerous instances, reported even in old literature, in which 
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increased temperature and activity result in a paling of the colors of the 
body. This relationship holds generally for chitin tints and melanin depo- 
sition. A specific instance has been studied in Colias (Hovanitz, 1946)), in 
which another pigment (pterine) behaves in an inverse fashion from that of 
melanin even though at the same time melanin varies according to rule. It 
would be an oversimplification and would not basically solve the problem to 
suggest that metabolism and color of the pigment may be directly related 
to general body activity. General activity may be increased either by a 
temperature increase or by a genetic mechanism. The result in either case 
would be physiologically comparable, leading to an organism having all 
properties adjusted to a more rapid rate of development. 

The correlation of these characters with the natural environmental con- 
ditions follows the basic developmental pattern. Those species existing at 
the higher temperatures have the characteristics expected of forms with 
greater metabolic activity, and those which live at the lower temperatures 
have the characteristics expected of forms with lower metabolic activity. 
There is nothing strange about these relationships. Nevertheless, but little 
seems to be known as yet of the fundamental principles of development by 
which these relationships are produced. Until it can be shown definitely 
that there is a selection for the forms which possess a higher metabolic level 
in the ecological areas where such a level is advantageous, such a deduction 
must remain unproved. The Lamarkian hypotheses need not be invoked; 
neither, on the other extreme, need the hypotheses of some yet unknown 
character be postulated. 

Associations of characters of these sorts are not restricted to insects. 
Similar relationships have been pointed out in various laws of geographical 
variation in vertebrates. Apparently, pleiotropic effects are not uncommon 
for certain of the genes that regulate the characters of color, activity, and 
size of body parts of animals. The pleiotropic effects are not yet demon- 
strated beyond question in many cases, but they may be looked for now that 
their existence is expected. In mice, MacArthur (1944), and in rats, Keeler 
(1942), Keeler and King (1942), and Shopbach, Keeler, and Greenberg 
(1943) have shown that some genes may have pleiotropic effects. Correla- 
tions of these genetic characters with the environments of the animals have 
not been made. Field work has shown color and size characters in corre- 
lation with the environment. Laboratory work indicates a developmental 
relation between activity, color, and body proportions. A more direct corre- 
lation between the three latter characters and the environment is to be looked 
for. 

From the standpoint of medical entomology it is interesting to note that 
it is those species of mosquitoes which have characteristics correlated with 
greater activity which are the pests of man and the carriers of disease. For 
example, the form molestus in the Culex pipiens group is the species which 
inhabits houses and prefers to bite man rather than animals. Several of its 
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characteristics make it well able to do this. A more rapid development rate 
is advantageous in a temporary pool where the larvae are breeding. The 
ability to mate in small containers is advantageous, when only such small 
containers are available in houses and barns. The greater activity of the 
adults and their preference for a blood meal from man are advantageous in 
a rapidly changing environment of this sort. 

Anopheles maculipennis forms of this type are also those which bite man 
and which transmit malaria in the regions in which they exist. These are 
elutus, labranchiae and atroparvus. The Anopheles albitarsus form having 
corresponding characteristics is also a pest to man and the carrier of malaria 
in its region. 

The evidence presented suggests that the parallel association of distinct 
characters in these discrete groups of organisms may be due to one or both 
of two genetic mechanisms. First, though the characters may be distinct in 
form they may be connected in development by a pleiotropic or manifold 
effect of the same developmental processes so that when one character varies 
the other also does. Second, several characters may be selected by the same 
environmental factors, leading to a corresponding association in the same 
organism. 

SUMMARY 


1. The association of several characters has been shown to occur in dis- 
crete species groups of mosquitoes, Drosophila, and Lepidoptera. These 
characters vary in a parallel fashion among the members of the groups. 

2. The characters shown to be associated are various qualities of (A) 
development rate, (B) activity of adults, (C) mating habits, (D) ecological 
distribution, (E) coloration, (F) larval food tolerance, (G) salt tolerance, 
(H) adult feeding preference, and (1) morphological characteristics. The 
physiological characters mentioned (A—H) seem to be related to speed of 
body metabolism. The morphological characteristics (1) are concerned with 
body proportions and extent of manifestation of hair, chaetae, and spine 
characters. 

3. The parallel variation exhibited by the several taxonomic groups is of 
the following sort: if the development rate is rapid, the adult activity is 
great, the adults will mate in small space, the insect prefers a hotter and 
dryer environment in which to live, its colors are lighter, the larval food and 
salt solution tolerances are greater, the adults (in mosquitoes) will feed on 
man, and there is an increase in extent of manifestation of the particular 
morphological characters concerned. 

4, Many of the associations and parallel variations seem to be pleiotropic 
(manifold) effects in development. The genes concerned are probably 
metabolic rate genes, each having pleiotropic effects and together having an 
additive influence on each character. It appears probable that one or more 
of the associated characters are advantageous to a given form in its specific 
environment, though no direct evidence of selection is now available for most 


22 WILLIAM HOVANITZ 


of these characters. The other associated characters then may either be 
evolved in a parallel fashion due to parallel selection or they may be pleio- 
tropic effects. 
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INTRODUCTION 


In estimating population gene frequencies a statistical complication arises 
when related individuals are included in the sample. This problem, recently 
discussed by Fisher (1940) in relation to recessive characteristics, can be 
referred to a fundamental consequence of heredity. Since related indi- 
viduals share, in part, the same genes—same in the sense of common origin 
as well as like in phenotypic effect—it follows that a given gene may be 
counted repeatedly if all individuals are treated as though unrelated. Conse- 
quently, an estimate of gene frequency derived from a sample of w related 
individuals will not have the same precision as one established upon » unre- 
lated cases, and the standard error will be underestimated if one employs 
the ordinary formula appropriate to a series of n independent observations. 

In statistical studies on the blood groups and other inherited characters 
it is probable that gene frequency estimates have been computed from time 
to time without regard to the loss of precision resulting from the inclusion 
of related material. In the extreme case where the 2 relatives are monozy- 
gous twins, it is likely that such pairs would always be counted as a single 
individual, or, in the case of genes lacking dominance, as an observation of 
only 2 genes. On the other hand, pairs of parent and child, who must always 
share 1 gene at each locus, would customarily be counted as 2 individuals or 
4 genes, rather than 3 or some smaller number. 

The importance of this loss of information due to relationship will be 
appreciated in connection with tests of significance. Let us suppose that an 
investigator, having prepared antisera for testing the M and N agelutinogens, 
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finds, among the first 4 families tested, 1 family having both parents and 
4 children of the genotype MM and 3 families of the sort (MM x MN) with 
a total of 6 MM and 6 MN children. When all individuals are counted as 
unrelated, the proportion of N genes is 9/48. If it is now desired to compare 
this with the proportion 40/100, found by another investigator in a sample 
of 50 unrelated persons, the value of chi-square is y* = 7.26. The difference 
in gene frequency would, therefore, be judged significant at the 0.01 proba- 
bility level, and one might suspect a true differentiation of the populations 
or possible errors in serological procedure. Actually, however, when the 
true ratio is approximately 1:2:1, the finding of 15 MM, 9 MN, and 0 NN 
is not especially improbable if these individuals are contained in only 4 
families. For, when the children of these families are discounted on the 
ground that they possess no genes not already counted in the parents, the 
proportion of N genes is taken as 3/16, a value which, being based on only 
16 genes, does not differ significantly from 40/100 (,? = 2.67). If the second 
sample had also contained relatives, the significance of the difference would 
have been exaggerated even more by a failure to consider relationships. 

The method just used, namely that of counting only the parents, is suit- 
able only for whole families tested for genes lacking dominance. It cannot 
be applied without sacrificing information when one or neither parent has 
been tested, even in the simplest case of 2 genes without dominance. In the 
ease of genes showing dominance it is in no case appropriate, since, even 
when both parents are recorded, the children may provide further informa- 
tion about the parental genotypes. Fisher (1940) has outlined 2 general 
procedures for determining the proportion of recessives, or of recessive 
genes, when the data contain relatives. Both of his scoring systems are 
derived by the maximum likelihood method of estimation and are wholly 
efficient for all types of relationship. At present, however, numerical tables 
of the scores and weights have been made available only for dominant charac- 
teristics in pairs of parent and child, half sibs, and full sibs. 

It is the purpose of the present paper to examine a simpler procedure, 
namely that of assigning a fixed weight to each gene or individual after all 
individuals have been counted as though unrelated, the weight varying only 
with the type of relationship exhibited. The method is therefore similar to 
Fisher’s ‘‘fixed weight’’ system, in that each related eroup is given a score 
anda weight. In the present system, however, the score bears the same ratio 
to the weight as is shown by the unweighted numbers of genes or individuals 
in a direct enumeration, whereas no such simple proportionality exists 
between the likelihood scores and weights. This feature obviates the neces- 
sity of tabulating scores, thereby greatly reducing the number of numerical 
tables required, especially for large families. It further simplifies calcula- 
tion by permitting the pooling of unweighted frequencies for all families or 
units of a given type, irrespective of their phenotypic composition. 

This method, although always consistent, is generally inefficient and will, 
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therefore, yield standard errors somewhat larger than those which could be 
obtained by means of likelihood scores and weights. The seriousness of this 
reduction in precision is naturally less in some situations than in others. In 
general, however, the direct weighting system should be regarded merely as 
a provisional method and should be discarded whenever numerical tables for 
a more efficient scoring system become available. Even then, the simpler 
method may be useful in forming a trial estimate in those cases in which the 
likelihood method requires an approximation procedure. An examination 
of the direct weighting method will also be of interest in showing to what 
extent the precision of gene ratios may be exaggerated when the same equa- 
tions of estimation are employed for both related and unrelated material. 


GENES WITHOUT DOMINANCE 


In the case of 2 alleles without dominance, as exemplified by the M—N 
blood types, all 3 genotypes are phenotypically distinguishable. If a sample 
of & unrelated individuals contains a MM, b MN, and c NN, the proportion 
of N genes is taken as 

b +2c = a ; (1) 
2k y 
and the amount of information respecting q, being the reciprocal of the 
sampling variance, is 


2k : 
(2) 
(Dsoa-@ 


When the & individuals include relatives, the same equation of estimation 
(1) will provide a consistent estimate of the population gene proportion, 
even though all individuals are counted as unrelated. Owing to relationship, 
however, the amount of information is reduced to 
4 fs 2k 3) 
MQ) =” Ta @) 
where w is a fraction always less than unity. Having determined the value 
of w for a given type of relationship, one may apply it to both the numerator 
and denominator of (1), obtaining scores (wx) and weights (wy) which may 
be conveniently summed for various groups of related or unrelated persons. 
The combined estimate of q for any body of genetical data will therefore be 
_S{q-i(q)} _ 8(we) & 
— S{t(q)} — S(wy)?’ 
and its estimated variance will be given by 
q(1-4). 5 
V(q)= ie (5) 
If there are n sets of relatives of a given type of relationship, each set 
containing k individuals, the variance of gq = 7/2k may be written as 


1 cet WV 
Va) 38 {ae aE 
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Hence, if P is the probability of a set containing « genes of the sort N, the 


expected variance is 
1 
VENely ~ 4h?n 
or, since q = S(Px) /2k, because of the property of consistency, 
1 2 
ec = 4g? 6 
V (a) = Grey (SCP) — Shea } (6) 
Thus, the information furnished by a single set of k relatives when all indi- 
viduals are counted as unrelated is 


{8 (Px?) — 8?(Px) }, 


: 4k? 
mee ~ § (Px?) — 4h2q?’ 7) 
and the weight to be assigned each gene in such an enumeration is 
1= g) 2kq(1-q) 
w=i(q) 4 Ie pT (8) 
The procedure may be illustrated first for the case of n unrelated indi- 
viduals (Table I). Here & = 1, and the probabilities of the three genotypes, 
assuming genetic equilibrium, are (1—q)?, 2¢(1-q), and q? for MM, MN, 
and NN, respectively. 


TABLE I 
Genotype | N eos sae Be saccatreas 
MM 0 | 2 (l—¢)? 
MN 1 2 2q(1—q) 
NN 2 2 Gf: 


Equation (6) leads to the familiar formula for the variance of a proportion 
established upon 2n independent observations: 


2q + 2q? — 4q? 1- 
Vie) ee 


The information per individual in an unrelated sample is therefore 2/q(1—q), 
and the weight per gene is 1(q)q(1—q) /2k=1. 

We may now apply the same procedure to the case of parent-child pairs, 
the results being shown in Table IT. 


TABLE II 
Parent-Child f 

Pair & 2h 12 Po? 
MM, MM 0 4 (i= g)\2 eee ne 
MM, MN i 4 2q(1-q)? 2q—- 497+ 2q° 
MN, MN 2 4 a(1-@q) 4q— 4¢q° 
MN, NN 3 + 2q7(1-@) 18q? — 18q? 
NN, NN 4 4 q 16q° 


6q + 10g? 
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The variance of q determined from m pairs of parent and child is thus 
6q+10q?-—16q 38q(1-q) 
V -. pS ee ae 
(2) ién an 


and 7(q¢) = 8/8q(1—q). Hence, each gene counted in parent and child will 
be evaluated as 


_ gq) 8 2 
ee Salen). 3’ 
or the entire parent-child pair as 4w = 22 genes. 

Since every parent-child pair is certain to share only 1 gene at each locus, 
it may be wondered why such pairs do not tend to count as 3 genes instead 
of 23. The explanation is found in the occurrence of (MN, MN) pairs. For 
all other pairs the exact number of M and N genes can be specified; for 
example, a pair of the sort (MN, NN) contains definitely 1 M and 2 N genes. 
In (MN, MN) pairs, however, it is only certain that at least 1 M and 1 N 
gene is represented; the third gene, although certainly present, cannot be 
identified. Hence, such pairs, comprising an expected fraction q(1—q) of 
all pairs, are logically worth only 2 genes, while the remainder are worth 3. 
This suggests that an estimate of q could be derived from parent-child pairs 
for which the quantity of information would be 

1) 3—-qg(1-q) 
bp) 2b = g(t @)} Pe) etl Sayan 
and such is, in fact, the amount of information which would be afforded by 
maximum likelihood scores when applied to parent-child pairs in the ease of 
genes lacking dominance. Such scores, being fully efficient, utilize the whole 
of the information inherent in the data, which is defined (Fisher, 1935) by 


ray-8 | f 


where P, as before, stands for the probability of any class. The determina- 
tion of this quantity for parent-child pairs is shown in Table III. 


Ww 


TABLE III 
Parent-Child 1 (ae " 
Pair i ETS 3 (aq q(1-q) 

MM, MM (1-q)* =8(1-q)? 9q-18q°+ 9q° 
MM, MN 24(1-4q)2 2(1-q) (1—3q) 2—14q + 30g?- 18q° 
MN, MN q(1-@q) 1-2q 1l-— 4q+ 4q° 
MN, NN 2¢2(1-q) 2q(2-3q) 8q — 24g? + 18g" 
NN, NN lg 38¢2 9g?— 9q° 

a ae OF 

q(1-@) 


The relative efficiency of the direct weighting system for genes without 
dominance in parent-child pairs is therefore the ratio, 
pe l@ See 8 
SiO) 3700) g1—¢) > 9-39q(1—¢) 
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This quantity is plotted in Figure 1, which shows that the direct method has 
a maximum efficiency of 96.97 per cent when the 2 genes M and N are equally 
frequent and that the efficiency falls to 8/9-as either gene becomes very rare. 


Families of s Children—Neither Parent Tested 


Probably the most common unit of genetical study in human investiga- 
tions is the single family, that is, a sibship having neither, one, or both 
parents tested. Table IV lists the various compositions of families of s chil- 
dren tested with respect to 2 allelic genes, Mand N. It also gives the proba- 
bilities and unweighted scores, x, the latter being simply the numbers of N 
genes per family when all genes are counted as though unrelated. For 
families having neither parent tested, the table shows that the uncorrected 
sum of squares is 
S (Pa?) = 4q (1-9)? (4)*X{C.u%u?} 

+4q? (1—q)? X {Cue® (2)°"(4) "(w+ 20) ?} 

+ 2q?(1—q)?s? + 4q° (1—q) (4) *°X{C.5(s + w)?} + 494s", 
where » stands for summation by integers from wu = 0 to u=s and from v =0 
to v = s, and where | 

Oe 2 


s! F s! 
(s—w) lu! SATS (s—u—v) lulv! 
This reduces to 
S (Px?) = q(1-q)*s(s +1) +.92(1—- 9)? (4s? + 28) + 29? (1 — q)?s? 

+ q°(1—q) (9s? +s) + 4q4s? 
= qs(s+1) + q?s(8s-1). 
Since the total number of genes per sibship is 2k = 2s, 
8 ee —4k?q? = q(1-@)s(s+1); 


4 i 
Henge V(q) = ae Sta) 4297) = a 
(@) =o’ 
q(1—4@) (s+1) 
and w=1(q) ao a “a o 


The weight per gene in sibships a s without recorded parents is thus a 
function of s alone, being independent of the parametric gene proportion, q. 
This will be found to hold true generally for the simple weighting system 
when applied to data on genes lacking dominance, although the same is not 
true for the likelihood scores and weights. When s=1, the weight (9) be- 
comes w = 1, since one is then dealing with single unrelated individuals. For 
sib-pairs, s = 2 and w = 3, which is the same as the weight found for parent- 
child pairs. However, the information furnished by sib-pairs is, in this 
instance, less than that found for parent- -child pairs, and amounts to 

18 + 15g — 3q? — 249° + 12q* 
MQ) = 39a -@) @-a) (1+d-#) 
The efficiency of the simple scoring method for sib-pairs is therefore 


8 CG. W. COTTERMAN 


ee 840-07 )(A+g=d ey 
~I(q) 18+15q-3q? — 24q° + 12q* 
a quantity, which, though generally greater than the corresponding value for 
parent-child pairs, takes the same limit (8/9) as q approaches 0 or 1 (Fig. Lye 
Numerical values of the weight (9) are given in Table VIII. 


Families of s Children—One Parent Tested 


For families having 1 parent and s children recorded, the uncorrected 
sum of squares is found from Table IV to be 
S (Px?) =2q(1—4)?(4)*L{Cu'u?} + 2q (1-4) *($)°2 {0.5 (u+1)7} +9? (1-@)*s? 
+ @?(1—q)?(s +2)? +49? (1-9)? X{ Cu’ (4)*"(4)"(u + 2v+ 1)?} 
+ 2q°(1—q) (4) *L{Cu8 (s+ u+1)?} +29°(1—@) (4)°L {Cu (st ut2)?} 
+4q*(s+1)? 
= $9(1—¢)*s(s+1) +4q(1—9)*(s +1) (+4) 
+q°(1—-q)s+q*(i—@)*(s+2)* 
+ 2q?(1—q)?2(2s? + 5s +2) +49°(1-q) (9s? + 18s + 4) 
+4q?(1—q) (9s? + 25s +16) + 49*(s +1)? 
=q(S+1)(s+2) +q?(s+1) (8s+2). 
Here k=s+1; hence, 
S (Px?) —4h?q? = q(1—q) (s+1)(s+2), 


: 4(s+1) 
=a 
and yoke ae (10) 
s4+2 


The weight for a family with 1 parent and s children is thus identical 
with the weight for a sibship of (s +1) members without recorded parents. 
A single tested parent counts the same as an additional sib (ef. Table VIII). 


Families of s Children—Both Parents Tested 


For families having both parents recorded, Table IV shows that 
S (Px?) = 4q(1- @)? (3)°*2{C,'(w+1)?} 
+49? (1— 9)? X{ Cur? (4)? "(5)"(u + 20 + 2)?} + 2g? (1—q)?(s +2)? 
+ 493 (1 —q) (4)*X{C.3(s + w+ 3)?} + 94(2s 4 4)? 
= q(1—q)*(s+1) (s+ 4) +29?(1—q)?(2s?+ 9s +8) 
+ 29? (1—q)?(s+2)?+9°(1—q) (9s? + 87s + 36) 
+ q¢(2s+4)?. 
The number of genes observed per family is 2k = 2s +4, so that 
S (Px?) — 4k?q? = q(1—q)(s+1)(s+4), 
: 4(642)25 
V = ? 
‘D =7d =a) G41 6+D 
2(s+2) 
ee ee es 11 
a (s+1)(s+4) Oe 


and 
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The weight to be assigned the entire family when both parents and s 
children are counted is : 
2kw = oI ack : 

(s+1)(s+4) 
Now, when s = 0, this is equal to 4, since the ‘‘family’’ then consists of 2 unre- 
lated parents. For all positive values of s, however, the weight per family 
is less than 4, being minimum when there are 2 recorded children. For 
example, with s = 1, 2, 3, 4, 5, 6, one has 2kw = 3.6000, 3.5556, 3.5714, 3.6000, 
3.6296, 3.6571, ete., tending to 4 as s increases indefinitely. 

One observes the somewhat curious fact that the inclusion of the children 
of 2 unrelated parents reduces the precision of the gene frequency estimate 
provided by the parents alone, but this appears entirely logical when it is 
remembered that the genotypes of the parents are completely specified by 
their phenotypes in the case of genes lacking dominance. The children, 
therefore, add nothing to the precision of the estimate, but actually detract 
from it, owing to chance deviations between the ratios of M and N genes in 
the 2 generations, such deviation tending to disappear only when an infinite 
sample of the parents’ gametes has been obtained. When the parental geno- 
types are known, the probabilities of the various assortments of children are 
no longer functions of the population gene ratio, so that the maximum likeli- 
hood weight is always 4. To ignore the children in such families would be 
to substitute an efficient method, and there would seem to be no objection to 
such a departure from the usual procedure since the direct weighting system 
will necessarily have a varying efficiency for different groups of relatives. 


Pairs of Relatives of any Kind or Degree 


Genetical data may occasionally contain pairs of relatives other than full 
sibs or parent and child, such as half sibs, aunt-nephew, first cousins, and 
so on. For the weighting of such pairs one may now consider the infor- 
mation supplied by any pair of relatives whose coefficient of relationship 
(Wright, 1921) is r, and who are both members of a regular pedigree, Le., 
one lacking inbreeding. 

Let Wo, V1, V1, V2 be the probabilities that an individual will share neither, 
the one, the other, or both genes at a given locus in a relative of degree r. 
Then, for any kind of relationship in regular pedigrees, Yit+W2=17. The 
probabilities of the various genotype combinations in pairs of relatives may 
now be expressed as follows: 


(MM, MM) = (1—4@)?{2+2i(1—¢) + Wo(1-@)*} 
(MM, MN) =49(1-9@)?{¥i+Yo(1-4@)} 

(MM, NN) =2(1-@)*hoq? 

(MN, MN) =29(1-4) {¥2+Yi+ 20g (1-9) } 
(MN, NN) =4q?(1-q) {Yi + Woo} 

(NN, NN) = @?{tb2 + 219 + Yoa?} 


(12) 
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Multiplying these successively by the squares of the unweighted numbers of 
N genes, which are 2? = 0, 1, 4, 4, 9, 16, respectively, and summing, 
S (Pax?) = @ (82 + 121 + 40) — 9? (Sipe + 201 + 12ipo). 
Putting W2+21+Wo=1, and subtracting 4k?q? = 16q?, gives 
S (Px?) — 4h?q? = 4q(1—¢) (1+ yi +e) = 4g(1-¢) (1 +7). 


1 ; a 1g) 
Hence V (a) =e (8(Pat) — 4429") = us 
SE GLa an) 
“nl (13) 
and SS Tap 


For full sibs and parent-child pairs (7 = 3) the weight per gene is w = 2/3, 
as noted above; for monozygous twins (r=1), w=1/2; for half sibs (r= +4), 
w = 4/5; for first cousins (r = 4), w = 8/9; ete. 
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Fic. 1. Efficiency of the direct weighting of sib-pairs and parent-child pairs in 
estimating the gene ratio for characters showing dominance (T_) or lacking dominance 
(MN). 


GENES WITH DOMINANCE 


In the case of two alleles showing dominance, such as the ‘‘secretor’’ and 
‘““nonsecretor’’ genes in man, it is more convenient to estimate the proportion 
of recessives g*, from which the gene frequency q can then readily be ob- 
tained. If a sample of & unrelated individuals contains a dominants Cre) 
and 6 recessives (tt), the square of the recessive gene proportion is esti- 
mated as 


b 
Pa_, 14 
ee (14) 
and the amount of information respecting gq? is 
. k 
4(qQ?) = (15) 


q?(1—@?) 
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As in the ease of genes lacking dominance, one may determine, for any group 
of relatives, a weight 
CH (9 |e AN ar 
«EF (@8), (16) 
which, in this case, represents the weight per individual, so that the combined 
estimate derived from various groups of related or unrelated individuals 
will be 


,_ S(wb) 
200 : A 
1 * 8 (wk) 07) 
with variance 
She 2) 
Vig Gla as 18 
mans Gk) ae 
The amount of information respecting the gene proportion, q, is 
48 (wk 
ia) = (FE ie i(g) BOO; (19) 
hence q will be estimated as 
S(wk)’ 
with variance 
(21) 


ua) TSCA y 
By analogy with (7) and (8), the information and weight per individual 
in sets of & relatives of a given class may be written: 
ae 
S (Px?) — k?q* 
cn (23) 
S (Pa?) — k2q* 


(22) 


and 


Families of s Children—Neither Parent Tested 


The probabilities of the various compositions of families of s children 
may be obtained from Table IV by combining MM and MN to represent 
dominants and NN recessives. Multiplying these probabilities by the squares 
of the corresponding numbers of recessives, x7, one obtains, for the ease of 
sibships without tested parents: 

S(P2’*) = Ra Cig) 2} C2) (4) e497 (1 =o) eee + gs? 
49° (1—q@)?s(s +3) +9°(1—q)s(s+1) + q*s? 
8 (Px?) - _ keg! = 8( Px?) — gts? = g?(1—@)s{s+34+9(3s+1)}; 


hence 4(q?) = lt santa aed iat 
: d ~— @(1=4) {s +3 +¢ (3s +1)} 

a eS (24 

ead Pod 4o(3s41) | 


When s=1, the weight becomes w = 1, as expected, but when s = 2, the 
weight is always a function of the unknown gene proportion q, so that practi- 
cal computation requires a process of interpolation with trial estimates, as is 
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also true in the use of likelihood scores and weights. For sib-pairs (s = 2), 
the information utilized by the direct weighting system is 
Rae 8 
\(q") = 9) (+10) 
whereas the total information available is, as shown by Fisher (1940), 
la? 21 — 5q — 8q? + 4q° 
(@") = d= @) G+ a) 4440-38 —) 
hence, the efficiency is, in this case, 
mg Ee 8(3+q) (4+4q—-389°-4@*) 
~I(q?) (5+ 7q) (21-59 — 8a" + 49°) 
This quantity is plotted in Figure 1, where it is seen that a maximum of 100 
per cent efficiency is reached when q = 0.6288 or when the percentage of reces- 
sives is 39.54. At this gene ratio the weight assigned to each individual in 
the sib-pair, 


? 


aap 4q (25) 
5+ 7q 
becomes identical with that in the likelihood scoring system. 
Numerical values of the weight (24) are given in Table EX for sibships 
containing 2 to 15 members. 


W 


Families of s Children—One Parent Tested 


For families with 1 parent and s children tested, one obtains from Table 
IV: 
Sax") =497(1=¢)*X{C.7(3)* GG) v*} 
+q?(1—q)? + 2q%(1—@) (4)*X{Cr?u?} 
+ 29? (1—q) ($)*X{Cu' (uw +1)?} +a*(s +1)? 
= 49?(1-q)’s(s+3) + g?(1—¢)?+49°(1—q)s(s +1) 
+ 49q°(1-q)(s+1)(s+4)+ q*(s +1)?. 
Subtracting k?q* = q*(s+1)?, one has 
S (Px?) — k?qt = 4q?(1—q) {s? + 88 + 4+ q (8s? + 9s + 4) }, 


ie 4(s+1)? 
T= Pd —a) {A +3q)s(s+8)+4(149q)) 
oe = AGS) ae (26 
oa Y ia3g)s@ es eae) 
For parent-child pairs (s =1) this reduces to 
Ata (27) 


ae | 2g 

which differs from the weight for sib-pairs (25). In fact, the weight for a 
single parent and s children (26) is generally greater than that for a sibship 
of (s+1) without recorded parents (24), although the 2 weights tend to 
become identical as g approaches unity (compare Tables [IX and X). This 
is unlike the situation found for the case of genes without dominance. 

The information which parent-child pairs are capable of supplying is 
given by Fisher (1940) : 
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ioe 8 + 9q— 1247 + 4q° 
4q?(1—q)(1+2¢)(1+q-4°)’ 
whence the efficiency of using direct scores and weights for such pairs is 
Pug as ago) 
(gq?) 84 9q¢=—129? + 49? 
This quantity (Fig. 1) reaches 100 per cent at the gene proportions, g =0 
and qg = 3, at which points the parent and child count as 2w =2 or 1.5 indi- 
viduals, respectively. 


Families of s Children—Both Parents Tested 


For families having both parents and s children recorded, Table IV gives 
S (Pat) = 2q7(1—q)? + 4q?(1—@)?d {C9 (2)°-*(4)°v7} 
+49°(1—¢) GY ZX{Ca' (a4 1) Bg? (s+ 2)? 
= 2q°(1-q)?+49°(1—@)?s(s+3) +99 (1—q) (s+1) (s+4) +.9*(s+2)%, 
S (Pau?) — k?q* = 8 (Pa?) — q*(s +2)? = 49?(1— q) {s? + 88+8+4+¢q(3s?+17s+8)}, 
1(q*) = aialortl 
q?(1—q) {s?+ 8s +8+q(8s? + 17s +8) } 
Wee 2) Ge qd) (28) 
s?+38+8+4q(3s?+17s +8) 

Numerical values of this weight are given in Table XI. Multiplying it 

by (s+2), one has the weight for the entire family, 
oA pee 
s?+38 +8+q(3s?+ 17s +8) 

When s=0, this reduces to 2; however, with s = 1, the weight is not 
always equal to or greater than 2. At the limit for rare recessive genes 
(¢—0), the family tends to count as 4(s+2)?/(s?+38s+8) individuals; 
putting s = 1, 2, 3,4, 5,..., this becomes 3.0000, 3.5556, 3.8462, 4.0000, 4.0833, 
..., tending to 4 after reaching a maximum of 4.1739 at s=10. At the other 
extreme, where dominants are very rare (¢—>1), the weight per family 
becomes 2(s +2)?/(s+1)(s+4). This is equal to one-half the weight for 
complete families tested for genes lacking dominance (11), so that the last 
row in Table XI duplicates the last column in Table VIII. It will be recalled 
that, in the case of genes lacking dominanee, the inclusion of the children of 
2 tested parents always reduces the weight below that for the parents alone. 
In the case of genes showing dominance, one would generally expect the chil- 
dren to provide additional information concerning the parental genotypes, 
except at the extreme (¢— 1), at which nearly all families are of the sort 
(ttxtt). The likelihood weight would therefore always be 2 or greater. In 
the direct weighting method, however, the weight falls below 2 at a point 
short of g = 1, where the additional information supplied by the children fails 
to compensate for the inefficient method of scoring them. This point varies 
with s, as is shown in Table XI, but, in general, the children will not reduce 
the precision of the estimate unless the recessive gene frequency exceeds 60 
per cent, in which case it would again be better to abandon the direct weight- 
ine method and count only the parents. 


? 
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In the limit for very large families the weight (s+2)w tends to 
4(1+q)/(1+3q), whereas the weight provided by Fisher’s likelihood scoring 
method tends to (6 —3q +4?) (1+q)/(1+38q).* Consequently, the efficiency 
of the direct weighting method in this case approaches 4/(6 — 3q + q’), vary- 
ing from 2 to 1 as q varies from 0 to 1. 


Pairs of Relatives of any Kind or Degree 


Combining the probabilities given in (12), one obtains the following 
probabilities for the 3 possible combinations of dominants and recessives in 
pairs of relatives of any kind or degree: 

CDS TS) =o (1 —@*) 4 271 = 2974-9") (tg) 
(T_, tt) =2q?(1—q) (1— e+ Woq) (29) 
(tt, tt) = Q? (We + 21d + og”) 
Multiplying these successively by 0, 1, 4, and summing, 
S (Px?) = 2q?(14 Wo + 2Wig + og?) 
Putting k = 2, one then has 


il 
nV (q?) = 72S (Pa*) — k?q*} = $q? (1+ e+ 21g + oq?) — g* 


Gee Lae | (30) 
k nV (gq?) 1+ Wet 2rd +Hhog? — 2q? 

Here w cannot be reduced by means of the relation i+ W2=1, as was 
possible in the case of genes lacking dominance. It has already been seen 
that the weights for sib-pairs (25) and parent-child pairs (27) differ in the 
case of genes showing dominance, even though the coefficient of relationship 
is in both cases r=$. These 2 types of relatives are, however, the simplest 
examples of 2 fundamental classes of relationship, ‘‘unilineal’’ and ‘‘bi- 
lineal’’ (Cotterman, 1941), for each of which one may obtain a general 
formula for w in terms of 7. For unilineal relatives, who possess no 2 paths 
of descent which are completely different in all their links, one has = 0, 
Yi=1, and Yo=1-—2r; while for symmetrical bilineal relatives, who possess 
2 independent paths containing equal numbers of links, one has 2 =??, 
W1=r(1—r), and yo= (1-71)?. Making these substitutions in (30), one has 


and Ww 


1+¢ 
w, =7——4— for unilineal relatives, "eae 
+ q¢ +29rq 
1+ im : 
We for bilineal relatives. (32) 


—14+4¢4+2rq+r?(1—q) 

Thus, when r=1, we have w, = 4, which is the weight per individual in 
the case of monozygous twins; when r= 4, w, gives the weight previously 
found for parent and child (27), and w, gives the weight for sib-pairs (25) ; 
when 7 = 4, one has w, = (2+2q)/(2+38q) for half sibs, grandparent-child, 
or aunt-nephew, ete. ; and w, = (4+4q)/(3+5q) for double first cousins ; and 
so on. 


* The weight given by Fisher (1940, p. 166) as (6-3q+ 42) (1-q@)/(1+38q) is evi- 
dently a typographical error. 
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NUMERICAL EXAMPLES 


Table V illustrates the application of the direct weighting method to data 
on a pair of genetic factors lacking dominance. The record consists of the 
M-—N blood types of all subjects examined at the University of Michigan 
Heredity Clinic prior to December 31, 1942, exclusive of related groups 
larger than a single family. The data are arranged according to the type of 
family, i.e., to the numbers of tested parents and children. The frequencies 
of MM, MN, and NN are then pooled for families of each type, and the num- 
bers of N genes and total genes are counted without regard to relationship. 
The weights to be assigned each gene in the aggregate for each type of 
family are obtained from Table VIII. 


TABLE V 
ESTIMATION OF GENE RATIO FOR GENES LACKING DoMINANCE (M-—N Buioop Typss) 


Number Number ae = Weight 
Parents Children fea ay ne NE BD per Gaits 
Tested s a b c x Yy w 
Unrelated 23 54 20 94 194 1.000000 
2 1 20 31 18 67 138 -600000 
2 2 25 42 13 68 160 444444 
2 3 17 26 7 40 100 .357143 
2 4 0 5 al a 12 .300000 
2 5 2 8 4 16 28 .259259 
2 6 5 3 0 3 16 228571 
2 8 4 5 il 7 20 .185185 
1 1 4 10 2 14 32 .666667 
1 2 8 16 6 28 500000 
1 3 1 6 i. 8 .400000 
1 5 4 2 0 2 285714 
0 2 3 LS 8 31 .666667 
0 3 dt 0 2 uy 500000 
0 4 0 = 0 4 400000 
Totals cece eee ihre 227 83 393 


S (wa) = 238.3095, S(wy) = 503.8740 


The estimated proportion of N genes is therefore 
S(wx) 238.8095 
qd= wat = 503.8740 = 47.295 per cent, 
to which is attached a variance of 
age 0.47295 x 0.52705 
503.8740 
or a standard error of 2.224 per cent. 
Had all individuals in the record been treated as unrelated, without 
weighting, one would have obtained: q = 393/854 = 46.019 per cent, with 
standard error \/ (0.46019 x 0.53981) /854 = 1.706 per cent. This estimate, 
which is likewise consistent, agrees well with the correctly weighted propor- 
tion, but its precision has been falsely exaggerated, the standard error being 
only 76.7 per cent of the appropriate value. 


= 0.0004947036, 
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Since it has been shown that the direct weighting of all individuals con- 
tained in families with 2 recorded parents is less efficient than the use of the 
parents alone, the above weighted estimate may be slightly improved by 
omitting the children of such families. When this is done (Table VI), the 


TABLE VI 


ESTIMATION OF GENE RATIO ror GENES LACKING DoMINANCE (M—N Buoop Typzs), 
EXCLUDING CHILDREN oF Two TESTED PARENTS 


Number | Number me hes = Weight 
Parents Children es Bus) sl Pa CRG) per Gene 
Tested S a b Cc % y w 
Unrelated 23 54 20 94 f 194 1.000000 
2 0 31 61 22 105 228 1.000000 
il il 4 10 2 14 32 .666667 
a 2 8 16 6 28 60 -500000 
1 3 il 6 1 8 16 -400000 
if 5 4 2 0 2 12 .285714 
0 2 3 15 8 31 52 .666667 
0 3 1 0 2 4 6 500000 
0 4 0 + 0 4 8 400000 
ERObal seen ee 1S 168 61 290 608 


S (wa) = 250.3714, 8S (wy) = 524.0286 


estimate is 
250.3714 
5948 ODEO une ae 


with standard error 
ee = 2.182 per cent. 

The estimated number of genes sampled is now 524.0286. If likelihood scores 
and weights had been used for all families, this number would have been 
slightly larger, with a resulting slight reduction in the standard error. To 
use an inefficient scoring system therefore slightly minimizes the significance 
of a deviation in gene ratio, whereas the use of no weights at all may greatly 
exaggerate the significance. 

By consolidating the frequencies of genotypes MM and MN in Table V, 
a record is obtained which will serve to illustrate the application of direct 
weights to data on a dominant factor. The results shown in Table VIL are, 
therefore, those which would have been obtained if only an anti-M serum had 
been used. Owing to the fact that the weights for families tested with 
respect to dominant genes are functions of the unknown gene proportion, q, 
one must approximate the correctly weighted estimate, using the weights 
found in Tables [X, X and XI at the two trial estimates, g = 0.45 and g = 0.50. 
With weights appropriate for q? = 20.25 and 25.00 per cent recessives, one 
finds 

57.30 56.50 


OF = 981.58 = 0.20349 and OF = : = 0.20372 
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_ TABLE VII 


ESTIMATION oF GENE RATIO FOR GENES WITH DOMINANCE (M-—N Btoop Typzs, 
witH MM snp MN Genotypes ASSUMED INDISTINGUISHABLE) 


Number Number 


Patonts Children MM+MN NN a+b= Weight, w, Weight, w, 
Tested s a b k at q=.45 at q=.50 
Unrelated 77 20 |. 97 1.0000 1.0000 
2 1 51 18 69 7073 .6923 
2 2 67 is} 80 5485 Aes} 
2 3 43 e 50 4482 4348 
2 4 5 it 6 3791 3673 
2 i 10 4 14 .3285 .3182 
2 6 8 0 8 .2898 -2807 
2 8 9 1 10 -2346 2273 
1 al 14 2 16 .7632 .7500 
al 2 24 6 3 .5939 5806 
al 3 ti il 8 4823 4706 
1 5 6 0 6 3487 .3396 
0 2 18 8 26 Halal .7059 
0 3 1 2 3 5524 5455 
0 4 4 0 4 4514 4444 
Motalstre cesses. 344 83 427 


At q=.45: S(wb) =57.30, S(wk) = 281.58; 
At q=.50: S(wb) =56.50, S(wk) = 277.34. 


respectively. The former is 0.00099 above the trial estimate of 0.2025, while 
the latter is 0.04628 below 0.2500. The linear interpolate is 


: 0.00099 
q@? = 0.2025 + 0.0475 x 0.04797 > 0.203495 
and the interpolated value for S(wy) is 
0.00099 


For the estimate of the gene proportion, g, one may now take 
q = \/ 0.203495 = 45.11 per cent, 
with a variance of 
1-q’ 0.79651 
aegis 1x 25149 
or a standard error of 2.66 per cent. By comparing this with the estimate 
q = 47.778 + 2.182 per cent, it is seen that precision has been lost by trans- 
forming the data into dominants and recessives, as expected. The 2 esti- 
mates, however, do not differ significantly from one another, which testifies 
to the internal consistency of the data and acceptable fit of the genetic 
hypothesis. 


= 0.0007074 


SUMMARY 


When all members of a family or other related group are counted as 
though unrelated, a fixed weight may be assigned each gene or individual 
in the aggregate, and the usual equations for estimating the population gene 
ratio may then be applied to the cumulated weights. The appropriate 
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weights for genes with and without dominance have been tabulated for 
families of various sizes, with neither, one or both parents recorded, and for 
pairs of relatives of any kind. This method of estimation, although simpli- 
fying calculation and permitting of an easier extension to complex groups 
of relatives, is generally inefficient and should be employed only when scores 
and weights for the maximum likelihood solution are not available. 
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TABLES OF WEIGHTS 


TABLE VIII 


GENES WITHOUT DOMINANCE. WEIGHTS PER GENE FOR SIBSHIPS OF s, 
WitH NEITHER, ONE, OR BOTH PARENTS TESTED 


Neither Parent One Parent Both Parents 
Number of Tested Tested Tested 
Children, ) Dy) 2(s+2) 

: ST ares) °=(s41) (844) 

OMI [es hrs ts 1.000000 1.000000 

1 1.000000 .666667 -600000 

2 .666667 .500000 444444 

3 500000 -400000 .857143 

4 .400000 Pai tiie) -300000 

5 333333 .285714 .259259 

6 .285714. .250000 .228571 

7 .250000 .222292 .204545 

8 222299 .200000 185185 

9 -200000 .181818 .169231 
10 .181818 .166667 155844 
11 .166667 153846 144444 
12 153846 142857 134615 
13 142857 133333 .126050 
14 alle SSIs} .125000 118519 


15 125000 117647 -111842 
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INTRODUCTION 


ALTHOUGH it is generally agreed by biologists that natural selection must 
play an important role in the evolution of protective coloration and of the 
other adaptations of animals, only a few measurements have been made of 
the actual effectiveness of selection under any particular set of conditions. 
Many students of evolution have in recent years come to assume a very low 
effectiveness for natural selection. Sewall Wright (1940: 178), for example, 
doubts that the mutations which are important in evolution produce a suffi- 
ciently large selective difference to be demonstrable in the laboratory. 
Should the selective advantage of adaptative characters, however, be in 
general very low, then the resulting rate of evolution must be very slow, too 
slow probably to account for the evolution of our existing plants and animals 
during the estimated period of geologic time. Moreover, unless selection is 
very effective, at least at some times and in some places, there is difficulty in 
explaining the demonstrated instances of the rapid origin of races and species 
in certain localities. The only alternative to effective selection seems to be 
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the hypothesis of Goldschmidt (1940) of large and successful saltations, but 
this hypothesis has not generally been accepted by biologists. 

In order to secure a measure of the possible rate of selection under con- 
trolled conditions I began a series of laboratory experiments in 1938, using 
various owls as predators and deer-mice (Peromyscus) of various colors as 
prey. Some preliminary experiments were conducted in outdoor runs. It 
was early discovered, however, that light intensity played an important role 
in the activities of the deer-mice. The experiments were then moved to a 
reaction room, specially constructed for the study, inside the Vertebrate 
Biology Building on the University of Michigan campus. 

In the reaction room the owls proved to be able to capture living deer- 
mice in complete darkness, presumably by the sense of hearing. The lower 
limit of illumination under which the owls could find their prey by sight was, 
therefore, determined by the use of dead mice (Dice, 1945). Attempts were 
next made to set up an experimental situation reproducing so far as possible 
the conditions in nature under which the owls capture their living prey. 
After many discouraging failures a mouse ‘‘jungle’’ was designed which, it 
is believed, simulated fairly well, but in a simplified and standardized man- 
ner, the conditions in the natural habitats of the animals. By the use of 
this ‘‘jungle’’ a measure was obtained of the tendency of the owls to select 
those mice which are most conspicuous in color when viewed against the soil 

or other objects. —Lhese experiments were completed in August, 1945. 
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SELECTION INDEX 


As a measure of the effectiveness of selection in any given situation I 
propose the use of a ‘‘selection index.’’ Where two types of individuals 
are equally abundant in an experimental population and are then exposed 
to predation or to some other form of mortality, both types should, if there 
is no differential selection, be taken in equal numbers. Should one type be 
taken in greater numbers than the other, this will indicate that seléction is 
operating. Ifaand b, respectively, are the numbers taken of the two types 
A and B, then the relative selection in favor of or against type A will be 
measured by the difference between the observed value of a and its expected 
value 4 (a +54); this difference being divided by 4 (a+b): 

: Selection index = ae ele! 

: + (a+b) (Ea. 
The selection index tate may vary between. +1.0 and —1.0, being 0.0 
when there is an absence of selective ores 


ro) 
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The significance of the deviation of the selection index from 0.0 may be 

tested by the usual chi-square formula for a 1:1 ratio: 
Chi-square of selection’index = fens) ~ 

The formula given above for the calculation of the selection index applies, 
of course, only to a situation in which the numbers of the two types of prey 
are equal at the time when selection occurs. To measure the selection that 
occurs in situations where two or more types of prey are unequal in abun- 
dance, as will often occur in nature, more complex formulas would have to 
be developed. 

In the experiments hereinafter described, the proportional numbers of 
the two types of prey exposed in any trial did in fact differ as soon as any 
individual had been captured by the predator. This difference in the avail- 
able numbers of the two types of prey would decrease the selective pressure 
against the type taken most frequently and would depress the selection index 
toward zero in all those trials in which the predator took more than a single 
individual. In no ease, therefore, will this source of error in the calculation 
of the selection index invalidate the conclusions reached. On the contrary, 
the true selection indexes would have been slightly higher than those caleu- 
lated if the numbers of the two types of prey offered to the predator could 
have been kept precisely equal each time he made a selection. 

The selection index obviously is a measure only of the selective advantage 
enjoyed by a particular phenotype under the conditions specified. The 
selection index is, therefore, a very different statistic than the selection 
coefficient (Haldane, 1932: 97; Wright, 1940: 165). The selection coeffi- 
cient is calculated from the changes in the gene frequencies from generation 
to generation in the population under study. In the experiments here de- 
seribed the genotypes of the animals tested were unknown and the selection 
coefficients cannot be calculated. 


EXPERIMENTAL METHODS 


In my attempts to measure the effectiveness of selection under controlled 
laboratory conditions, I used several species of owls as the predators, and 
deer-mice (Peromyscus maniculatus) were used as the prey. The experi- 
ments were conducted in the same reaction room in which the minimum in- 
tensities of light under which owls are able to find dead prey were determined 
previously (Dice, 1945). This room is divided by a low partition two feet 
high into two compartments, each about nine by ten feet in size. Special 
lamps placed over the middle of each compartment make possible the control 
of the light intensities. The several types of soils used on the floors of the 
experimental compartments either matched closely or contrasted with the 
pelage colors of the mice being tested. 

Each ‘‘trial’’ in one of these experiments consisted of exposing four live 
mice of one color and four of a contrasting color together in one compartment 


4 LEE. R. DICE 


for a fifteen-minute period. In each experiment the colors of the mice and 
of the soils were arranged so that one kind of mouse matched the color of 
the soil in one compartment and the other kind of mouse matched the color 
of the soil in the other compartment. The mice were exposed alternately on 
the two colors of soils by using first one and next the other compartment. In 
every experiment, therefore, each kind of mouse was exposed an equal num- 
ber of times on soil which it matched in color and on soil with which it con- 
trasted in color. Furthermore, at the beginning of each trial the owl had 
the choice of the same number of mice of the two pelage colors, one kind 
matching the color of the soil and the other contrasting with it. 

The mice were kept in the same room with the owl for a number of nights 
before being used in an experiment. It has been our experience that a mouse 
under these conditions quickly becomes frightened of the owl and will at- 
tempt to keep out of its reach if possible. In all the experiments in which 
the ‘‘jungle’’ was used the door of the nest box in which the mice were kept 
was opened at the beginning of the experiment and the animals were free 
to go out under the jungle or to remain in their nest box. 

The trials were nearly all carried out in the morning, after the reaction 
room had been illuminated during the night by the fairly bright light of six 
150-watt Mazda bulbs. Each trial period lasted for fifteen minutes, during 
which time the mice were exposed to the owl at the specified light intensity. 
Then the bright lights were turned on; the owl was driven back to his box, 
the door of which was then closed and the remaining mice were counted. If 
the owl had captured one or more mice, the carcasses usually were evident. 
If the owl had not captured a mouse, a second trial often followed immedi- 
ately, usually at a different light intensity from that of the first trial. Rarely 
three, and still more rarely four, trials at different light intensities were 
given in a single morning. After the owl had captured a mouse in a given 
trial, the operations were discontinued for the day. Fairly dim lights then 
illuminated the room until noon, when all uneaten carcasses were removed. 
During the afternoon the room was kept in total darkness until 6 P.M., when 
the bright lights were automatically turned on again by a time clock. 

By this artificial reversal of the usual cycle of day and night, the owl 
was always hungry in the morning and the mice began to move about and to 
expose themselves as soon as the bright lights were turned off in the reaction 
room at the beginning of each trial period. 


Photometric Measurements 


All the color measurements for this study, both of soil color and of pelage 
color, were made with a photovolt reflection meter, model 610. This instru- 
ment is manufactured by the Photovolt Corporation of New York City. The 
color reading is made by a movable search unit which is connected with the 
body of the instrument by a multiple electric cord. A concentrated beam 
of light from a small electric bulb in the search unit is reflected from 
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the specimen at an angle of approximately forty-five degrees to a circular 
photoelectric cell which surrounds the light beam. The photosensitive cell 
when stimulated by this light produces sufficient electric current to be read 
on a sensitive galvanometer. A constant-voltage transformer forms part 
of an instrument to prevent fluctuations in line voltage from affecting the 
accuracy of the readings. 

The area of specimen surface measured by the reflection meter, as adapted 
for this study, is a rectangle 9.3 by 7.5 millimeters. These are the dimen- 
sions of an opening in a blackened metal plate which is fastened over the 
face of the search unit. This plate was not supplied by the manufacturer, 
but was added by us. The opening in the metal plate is on the face of the 
search unit in such a position that it passes the brightest part of the light 
beam. 

In order to locate precisely the area on the specimen to be read by the 
search unit, an additional finding device is necessary. This device also was 
constructed by us. A two- by two-inch square, lantern-slide cover-glass was 
mounted on the face of a small, square, wooden frame, whose outside dimen- 
sions were the same as the diameter of the search unit. Scratches were made 
on the glass plate to outline an area coinciding in dimensions and in position 
with the opening in the metal plate on the face of the search unit. A larger 
wooden holding frame was also constructed with inside dimensions that al- 
lowed it to fit loosely around the outside of the finding unit. Because the 
finding unit has the same outside dimensions as the search unit, the holding 
frame also fits loosely around the outside of the search unit. The search 
unit, however, is round, whereas the holding frame is square. A notch is 
therefore provided on one side of the holding frame to receive the projecting 
end of the glass filter inserted into the search unit, thereby keeping the search 
unit always oriented in the same direction in respect to the finding unit. 

The specimen to be measured is placed flat on a table with the surface to 
be read facing upward. The finding unit is then placed on the specimen 
and moved about until the scratches on the glass plate of the unit enclose the 
exact area desired to be read. The holding frame is next placed outside and 
around the finding unit. Care is taken not to move the position of this 
frame when the finding unit is removed. The search unit is then placed in 
position, replacing the finding unit, and the reading is made. 

Three color filters, red, green, and blue, furnished with the instrument, 
were used in making the photometric readings. The total light reflected 
from any one of these filters and reflected from a freshly scraped, white, 
magnesium carbonate block was taken as 100. The needle of the galvanom- 
eter was set at zero when the light from the search unit was projected into 
a hollow, black-lined cylinder of paper. Each reading of the galvanometer, 
therefore, is actually the percentage of light of the given color reflected from 
the specimen as compared to the amount reflected from the standard mag- 
nesium carbonate block. 
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Soils 


Three types of soils were used in the various experiments to cover the 
floors of the compartments in which the mice were released. The ‘‘silica 
sand’? employed is a commercial product that is nearly white. The 
‘‘oully soil’’ has a dull, slightly yellowish gray color. It was taken from a 
small eroded gully near the Vertebrate Biology Building. The ‘‘Ann Arbor 
sand’’ is a building sand from one of the commercial sand pits in the vicinity 
of Ann Arbor. This sand is a mixture containing grains of several sizes 
and colors. Particles of gray are most numerous, but many other particles 
are black. This sand is in general appearance darker and less buffy in 
hue than the gully soil. 

The reflection meter readings of the colors of these soils given in Table I 


TABLE I 


CoLors oF SoILs USED IN THE EXPERIMENTS WITH OWLS AND DEER-MICE 
Means of fifteen or more color readings. 


Mean Reflection Meter Readings 
Type of Soil 
Red Green Blue 
Silica sand 53 46 36 
Gully soil 39 25 16 
Ann Arbor sand 33 22 15 


are each the mean of fifteen or more readings of air-dry soil, each reading 
being taken on a different spot on the sample. The soils were very uniform 
in color and in shade and the reflection meter readings did not vary more 
than about one or at most two units on either side of the mean. 

It will be noted (Table I) that the silica sand is much paler in color than 
either of the other two soils used in the experiments. This is shown by its 
higher readings for all color screens. The gully soil has higher readings for 
red and for green than has the Ann Arbor sand, but does not differ very 
much in the reading for blue. This indicates the more reddish buffy hue of 
the gully soil as contrasted with the Ann Arbor sand. In general shade the 
Ann Arbor sand is only slightly darker than the gully soil. 


Predators 


Two species of owls served as predators in these experiments: a male 
long-eared owl (Asio wilsonianus) from Pennsylvania and a male barn owl 
(Tyto alba pratincola) from southern Michigan. These were two of the 
birds that were used in my previous experiments on the light discrimination 
of owls (Dice, 1945). Both owls were fully adult. 

About a fifteen-minute period seems usually to be required for an owl of 
either of these species to catch and completely to eat a mouse. However, 
an owl sometimes caught two or more rarely three mice in a fifteen-minute 
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period, and one once took four during this length of time. When more than 
one mouse is captured during a trial period, the carcasses are rarely all con- 
sumed before the end of the fifteen minutes. Each mouse that was taken or 
injured by the owl was counted as a capture. 


Prey 


Four types of deer-mice of different colors were used in the various ex- 
periments as prey: ‘‘ivory,’’ ‘‘diseard gray,’”’ ‘“‘buff,’”’ and ‘‘blandus gray. 
These mice represented different laboratory strains of the single species 
Peromyscus maniculatus. They were, in general, of similar size and of 
similar type of activity. Their ages varied considerably, but all were of 
fully adult size. Both males and females were represented, and no attempt 
was made to discriminate between the two sexes in the records of the number 
of captures made by the owls. 

The “‘ivory’’ mice are the result of a recessive mutation which produces 
a pelage color just slightly more gray than the pure white of the albino strain 
(Huestis, 1938; Clark, 1938: 2). The ivory mutation was originally dis- 
covered by Huestis in a wild mouse of the subspecies rwbidus. Our animals 
were taken from the much mixed laboratory population. 

The ‘‘diseard-gray’’ mice were a rather variable lot of discards from the 
breeding experiments currently being conducted in the Peromyscus labo- 
ratory. They were of many different genetic constitutions. Though all 
were gray in general hue, many different shades of gray were represented. 
Many of them matched fairly well the color of the gully soil, but others were 
somewhat darker than this soil. 

The ‘‘buff’’ deer-mice used in one experiment (Table V) were the F, 
offspring of a cross between a highly selected strain of Peromyscus m. blandus 
from Tularosa, New Mexico, and various strains of buff mice present in the 
laboratory. It is probable that the buff character of these laboratory strains 
was mostly derived originally from the subspecies nebrascensis, two stocks 
of which were involved in their ancestry. Exiguus, gambeli, rubidus, 
rufinus, and perhaps other subspecies also contributed to the ancestry of 
these buff strains. The blandws strain used as one of the parents in the cross 
was highly inbred and was undoubtedly homozygous for many genes. Pre- 
sumably, for this reason the buff F, offspring were very uniform both in 
pelage color and in size. Buff being dominant in heredity all the F, offspring 
were buff. 

The ‘‘blandus-gray’’ mice were the F, offspring of a cross between highly 
inbred, ‘‘tipped dark gray’’ and ‘“‘tipless gray’’ strains of blandus, both 
originally from Tularosa, New Mexico. In spite of the inbreeding of the 
two parental strains of these mice and their consequent considerable amount 
of homozygosity, the F, offspring used in the experiment exhibited moderate 
variability in shade of pelage.. They all had a slight tinge of buffy, and 
their general hue closely matched that of the Ann Arbor sand, but they were 
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not all alike in shade. On the average they matched to my eyes the shade 
of the Ann Arbor sand fairly well, but some individuals were paler than the 
Ann Arbor sand and some were darker. 

It will be noted that both the ‘‘buff’’ and the ‘‘blandus-gray’’ mice used 
in the experiment reported in Table V had at least one parent of blandus 
stock from Tularosa. As a result of this similar ancestry these two types of 
mice were very similar in size and in amount of activity and differed, so far 
as could be, observed, only in their pelage color. 

The ivory mice were the palest in pelage of the deer-mice used in these 
experiments as is shown by their high reflection meter readings (Table II). 


TABLE II 
COLORS OF FLAT SKINS OF DEER-MICE USED IN THE EXPERIMENTS 


Reflection Meter Readings 
Speci- Means and Extremes 


Type of Mouse mens 


Ivory 
Dorsalesuripeme acs by 
Sidegstripe wen serees 5 
Buff 
Dorsal stripe. ......... 15 
SIGE StrL Pema e sees 15 


Blandus-gray 
Dorsal stripe... 9 
Sid GU SETAp Ole remorse 9 


The buff mice averaged higher in readings for reflected red than did the 
blandus-gray mice, both on the dorsal stripe and on the side of the body. 
In readings for reflected green and reflected blue, on the contrary, the 
blandus-gray mice averaged the higher. This shows that the buff mice had 
a redder, more buffy hue than did the blandus-gray individuals, although 
the general shade of color was slightly paler in the blandus-gray than in the 
buff mice. 

Because of the considerable variability in hue and in shade of the discard- 
gray mice, no attempt is made to present photometer readings of their pelage 
color. In every case, however, the discard-gray mice were much darker 
than the ivory mice against which they were tested. 


Mouse ‘‘ Jungles’’ 


When the floor of the reaction room was bare of obstructions, the owls 
that served as predators in these experiments were able, as has already been 
mentioned, to capture living deer-mice in complete darkness. The owls pre- 
sumably were able to do this through the sense of hearing. Various expedi- 
ents were tried to prevent the owls from capturing the deer-mice by hearing 
alone and to force them to use the sense of sight. After many failures to 
achieve this end, I contrived a mouse ‘‘junele’’ in which the owls almost 
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never caught a mouse in complete darkness, but only when the light was of 
an intensity under which it had earlier been demonstrated that the owls 
could see and find dead mice of this species (Dice, 1945). 

The mouse ‘‘jungles’’ were constructed of wooden sticks screwed together 
to form an open latticework. Sticks three-fourth by three-fourth inches in 
size and mostly twelve inches in length were placed vertically in a checker- 
board pattern, with the sticks spaced eight inches apart on their centers. 
These vertical posts were connected by horizontal pieces of rough, split lath, 
three-eighth by three-fourth inches in cross section, which were placed three 
and one-half inches above the floor in one direction and four and one-half 
inches above the floor crosswise above the first set of sticks. The space above 
the floor of the reaction room was thus broken up by the ‘‘jungle’’ into little 
cells, the largest horizontal dimensions of any opening being a little less than 
eight by eight inches. 

The sticks making up each ‘‘jungle’’ were painted to match the color of 
the soil of the compartment, so that should a mouse climb up on the sticks 
he would not be any more or less conspicuous than if he remained on the floor. 

In the ‘‘jungle’’ the mice could run freely about under the latticework 
of horizontal sticks, the only obstructions to their progress being the vertical 
posts. Although the mice were exposed to attack by the owls, they were 
nevertheless protected to some extent, because of the handicap imposed on 
the predator by the presence of the sticks. An owl could reach through the 
meshes between the latticework formed by the sticks and could catch the mice 
fairly readily when the light intensity was sufficiently high for him to see 
his prey. 

Although the owl undoubtedly could hear the mice running about under 
the ‘‘jungle,’’ he evidently could only rarely secure them without the aid 
of sight. Observations were made of the method by which owls secure mice 
on an unobstructed floor: the wings usually are used to enfold the mice and 
draw them within reach of the talons. Presumably, this is the manner in 
which mice are caught in complete darkness after their general position has 
been located by hearing. In the ‘‘jungle,’’ however, this method of capture 
could not be employed because of the presence of the sticks. The owl, accord- 
ingly, was forced to depend on sight for securing the prey. The ‘‘jungle,’’ 
therefore, probably reproduced to a considerable extent the conditions in 
nature when the prey is moving about among such obstructions as shrubs or 
herbs. 


RESULTS OF THE EXPERIMENTS WITH OWLS AND DEER-MICE 


When ivory and discard-gray mice were exposed to the barn owl on silica 
sand and on gully soil on alternate nights, without any protection, either by 
a ‘‘jungle’’ or otherwise, 82 conspicuous and 70 concealingly colored mice 
were taken in 120 fifteen-minute trials (Table III). Approximately as many 
mice per period, however, were taken in complete darkness and in extremely 
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dim light as were taken under illuminations in which the owl undoubtedly 
could see his prey. In darkness the owl certainly must have caught mice 
without using the sense of sight. The selection index against the con- 
spicuous mice in the whole experiment is 0.079, but this is statistically not 
significant. 

With the lack of any protection for the mice in this experiment the owl 
evidently was able to capture his prey by some sense other than vision. This 
is demonstrated by the fact that the owl was able to catch the mice in com- 
plete darkness. It may be presumed that hearing was the major sense em- 
ployed to locate the prey, at least in darkness and in very dim light. The 
failure of the owl in this experiment to show any considerable tendency to 
select the more conspicuously colored mice is undoubtedly due to his lack of 
dependence upon sight for the capture of his prey. 


TABLE III 


SELECTION oF IvoRY AND DISCARD-GRAY DEER-MICE BY BARN OWL 
Floor of selection room bare; no protection for mice. Four live mice of each of two 
colors exposed in same compartment for each trial; ten trials on each soil type; fifteen- 
minute periods. 


; : Mice Taken E 
Tilumination Conspic- Conceal 


in Foot =o : ingl 
Candles On Silica Sand On Gully Soil Average Weg CG mel 
(Approxi- ieee Diseard- | j,,,, | Discard- pet Taken Mice 
mate) vory gray vory gray Trial Taken 
0.000,003,5 8 6 5 3 1.10 11 11 
0.000,002,0 5 9 if 6 1.35 16 ale 
0.000,000,53 5 9 7 2 1.15 16 7 
0,000,000,31 7 6 10 11 1.70 16 18 
0.000,000,08 8 4 o 3 1.10 11 11 
Dark; ees 6 5 i 6 1.20 12 12 
Mo tales nnn 39 39 43 SA se ete 82 70 


When in another experiment the mice were given partial protection by 
placing a wooden “‘porch”’ over the entrance to the next box, there was still 
little indication of the selection of mice of any particular pelage color. Pre- 
sumably, the owl awaited and captured whatever mouse first wandered out- 
side the protective cover of the ‘‘porch.’? The color of the mouse first 
exposed and consequently caught was a matter of chance. 

A series of experiments was then carried out with a two-foot wide 
“‘jungle’’ of sticks, constructed as above described, around the outside of 
each compartment, leaving the middle of the compartment open. Four 
each of ivory and of discard-gray mice were exposed to the owl for fifteen- 
minute periods on silica sand and gully soil on alternate days. 

Under these conditions the barn owl demonstrated a striking selection 
of the more conspicuous mice (Table IV). The selective effect was evident 
at every light intensity tested, except darkness, the dim light of 0.000,000,31 
foot candle, and under the relatively bright light of 0.017 foot candle. The 
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number of mice taken per period was relatively low under the brighter inten- 
sities used in the experiments, evidently because the mice in these relatively 
bright lights remained inside their nest hoxes and, therefore, only infre- 
quently exposed themselves to the owl. Nevertheless, selection is indicated 
to be generally effective over the whole range of light intensities from 0.24 
to 0.000,000,08 foot candle. 

If the number of mice taken in the whole experiment is added, omitting 
only those taken in complete darkness, it is found that 124 conspicuously 
colored mice and 68 that were concealingly colored were taken. The index 
of selection is 0.292, and the chi-square of the deviation from a 1:1 ratio is 


TABLE IV 


SELECTION OF IVORY AND DISCARD-GRAY DEER-MICE BY BARN OWL 


““Jungle’’ of sticks around outside of each compartment. Four live mice of each of 
two colors exposed in same compartment for each trial; ten trials on each soil type; fifteen- 
minute periods. 


Illumination Mice Taken Conspic Conceal- 
in Foot a ; 5 inol 
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(Approxi- Discard- Diseard- per Mice 
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0.000,013 3 7 a 6 a Palisy 14 ; 

07006-00855" | == 4 if alt 0.60 at 

0.000,002,0 2 5 4 5 0.80 9 7 

0.000,000,53 1 1 2 1 0.25 3 2 

0.000,000,31 4 4 2 2 0.60 6 6 

0.000,000,08 3 3 8 4 0.90 11 7 

ES A ee neces il 2 0.20 1 3 
33 58 67 Beh Re ince 125 val 

omittin 
‘dark S e 32 58 66 SG |e sane 124 68 


16.333, a highly significant amount. There is no significant difference be- 
tween the numbers of discard-gray and of ivory mice taken, nor between the 
numbers taken on silica sand and on gully soil. Neither is there any 1m- 
portant difference between the selection indexes on the silica sand and on the 
gully soil, these being respectively, 0.289 and 0.294. 

The fact that four mice were taken in darkness in twenty trials shows 
that in this experiment the owl was able to capture a mouse oceasionally by 
some sense other than sight. Presumably, most or all of these mice were 
captured in the middle of the room, where they were not protected by the 
‘“‘jungle.’’? Tracks in the sand indicated that at least one mouse actually 
was captured in this open space. 
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The barn owl in this experiment was able to capture mice readily under 
an illumination as dim as 0.000,000,08 foot candle. He was actually very 
successful in this light intensity in capturing live mice (0.90 per fifteen- 
minute period), though in an earlier experiment he had failed to find dead 
mice in such very dim light (Dice, 1945: 398). Moving objects are probably 
seen by the owl more readily in very dim light than are stationary ones. 
Furthermore, the owl can probably determine the general location of a live 
mouse by the sounds it produces in moving about. These considerations 
may explain why this owl was able to secure live mice in such very weak 
light, whereas he had previously failed to find dead ones. 

The experiment with the mice partly protected by a ‘‘jungle’’ of sticks 
extending around the outside border of each testing compartment was then 
repeated, with the long-eared owl as the predator (Table V). This bird 
was more timid than was the barn owl and did not secure as many mice per 
trial period of fifteen minutes. However, he took more of the conspicuous 
than of the concealingly colored mice over a wide range of light intensities 
extending from 0.002,3 to 0.000,003,5 foot candle. At intensities of 0.000,6, 
of 0.000,1, of 0.000,002, and of 0.000,000,53 foot candle, however, the owl 
took more of the concealingly colored than of the conspicuous mice, though in 
each case the number of individuals taken was small. In complete darkness 
the owl secured one mouse in twenty trials, but it seems likely that this mouse 
was taken at the instant just after the lights were turned on, for the owl 
was then discovered on the floor of the room with a newly captured mouse 
in his talons. 

If all the mice taken in this experiment at all the light intensities are 
added together, omitting only the mouse taken in darkness, then forty-three 
conspicuously colored mice and twenty-six concealingly colored mice were 
taken. The selection index against the conspicuously colored mice is 0.246. 
The chi-square of the deviation from a 1:1 ratio is 4.188, which is barely 
significant, presumably because of the few mice included in the counts. 
The difference in the numbers of mice taken on the silica sand and on the 
gully soil, respectively, is not significant. Of the ivory mice, however, 
forty-six were taken against only twenty-four of the discard-grays. The 
chi-square of the difference is 6.914, which is highly significant, showing that 
the owl had a preference for the ivory mice. 

In order to measure the effectiveness of selection when there is only a 
small amount of difference between the colors of two contrasting kinds of 
prey, another experiment was then performed using buff and blandus-gray 
mice. The barn owl was used as the predator, and the mice were exposed 
as before for fifteen-minute periods. In this experiment, however, the 
‘‘jungle’’ of interlaced sticks was extended to cover the whole floor of each 
testing compartment, excepting only the area occupied by the metal nest 
boxes of the mice. The gully soil placed in the one compartment closely 
matched the color of the buff mice, but the Ann Arbor sand in the other 
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compartment did not so closely match the color of the blandus-gray mice. 
Only one light intensity was used, calculated to be 0.000,10 foot candle. In 
176 trials, 107 conspicuous and 65 concealingly colored mice were taken 
(Table VI). The index of selection against the conspicuous mice is 0.244. 
The chi-square of the deviation is 10.256, which indicates high significance. 
There is no significant difference between the number of mice of either color 
taken in the experiment, nor between the numbers which were taken on the 
two colors of soil. 

An important difference in rate of selection, however, appears in this 
experiment to be correlated with the color of the soil. On the gully soil 
fifty-five of the conspicuous blandus-gray mice were taken, and only twenty- 
five of the concealingly colored buff mice. The index of selection here is 
0.375, and the chi-square is 11.250, which is highly significant. On the Ann 
Arbor sand fifty-two of the conspicuous buff mice were taken and forty of the 
presumably concealingly colored blandus-grays. The selection index on this 


TABLE VI 


SELECTION or BUFF AND Blandus-GRAY DEER-MICE BY BARN OWL 
A complete ‘‘jungle’’ over the whole floor of each compartment. Four live mice of 
each of two colors exposed in same compartment for each trial; forty-four trials on each 
soil type. Illumination calculated to be 0.000,10 foot candle. 


Mice Taken : Conceal- 
Conspie- amie 
On Gully Soil On Ann Arbor Sand uous Colced 
eS SSS Mice . 
Blandus- Blandus- Tak Mice 
Buff | gray Buff pray aken Taken 
25 | 55 52 40 107 65 


soil was only 0.180, and the chi-square only 1.565, which is not significant. 
The cause of the difference in rate of selection on these two colors of soil is 
believed to be the better match in color of the buff mice to the gully soil 
than that of the blandus-gray mice to the Ann Arbor sand. It has been 
pointed out that the blandus-gray mice were variable in shade of color, so 
that some of them did not well match the color of the Ann Arbor sand. 

These experiments with owls and deer-mice demonstrate that when live 
deer-mice are exposed on the bare floor of a room without protection of any 
kind, owls of two species are able to capture them in complete darkness, 
presumably by the sense of hearing. In every experiment, however, in 
which the owl was in considerable part dependent upon the sense of sight 
for capturing his prey, the greater proportion of animals captured was of a 
color contrasting with that of the background. ' 

In those experiments where the mice were given the protection of a 
“*jungle’’ of sticks, simulating the protection given to the mice in nature 
by the vegetation, the selection index in favor of the concealingly colored 
mice over those that contrasted in color with their background ranged from 
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0.24 to 0.29. The deviation of the selection index from zero is highly sig- 
nificant in the two experiments in which the barn owl served as the predator. 
In the one experiment in which a long-eaved owl served as the predator the 
deviation of the selection index from zero is only barely significant (chi- 
square = 4.188), probably because of the small number of mice involved. 


EXPERIMENTS BY SUMNER ON THE SELECTION OF FISH 


The best measurements previously published of the effectiveness of selec- 
tion under carefully controlled laboratory conditions are those of Sumner 
(1934, 1935a, 19350). Sumner did not estimate the effective rate of selec- 
tion shown by his experiments, but this may be calculated from his figures. 
In his experiments on the selection of dark-background-adapted and pale- 
background-adapted mosquito-fish (Gambusia patruelis) by the Galapagos 
penguin, 366 fish were eaten that contrasted in color with their background 
and 176 that were more or less similar to the shade of their background 
(Sumner, 1934). If four fish that were of doubtful color are ignored, the 
total number of fish taken was 542. The selection index against the con- 
spicuous fish is 0.351, and the chi-square of the deviation is 6.661, which is 
highly significant. 

Similarly, when a night heron was used as the predator, 223 conspicuous 
and 140 protectively colored fish were eaten or injured (Sumner, 1935a, 
Table 2). The selection index in favor of the protectively colored animals 
is 0.229, and the chi-square is 18.978. 

In those experiments in which a sunfish (Apomotis cyanellus) was used 
as the predator only those tests in which the numbers of the two color types 
of mosquito-fish were equal and in which they were exposed to the predator 
without a waiting period will be considered (Sumner, 1935): Table 1, ex- 
periments 14, 9-12, 14, 18, 19, 23, 28). Under these conditions, 166 con- 
spicuously colored and 79 concealingly colored prey were taken. The 
selection index against the conspicuous fish was 0.355, and the chi-square 
of the deviation is 30.894. 

In these experiments of Sumner the selection index against the animals 
that were conspicuous when viewed against their backgrounds ranged from 
0.28 to 0.36. This is a very considerable amount of selection against the 
conspicuous fish as compared to the concealingly colored ones. In every 
experiment the deviation of the selection index from zero is statistically 
highly significant. 


EXPERIMENTS BY ISELY ON THE SELECTION OF ACRIDIANS 


Isely (1938) studied the selection of various grasshoppers and other 
acridians by domestic and wild birds. The prey were sometimes picketed 
out alive and sometimes were anesthetized. They were exposed in the vari- 
ous experiments to the attacks of bantam chickens, a domestic turkey, En- 
elish sparrows, mockingbirds, and other birds. Soils of several colors 
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were prepared on plots about sixteen by sixteen inches square arranged in 
a checkerboard pattern in an open yard at Waxahachie, Texas. The soil 
colors employed were white, black, red, and green, the last being produced 
by a cover of vegetation. The acridians used were ordinarily exposed in 
matched pairs of species, each member of the pair being recorded as being 
‘‘nrotected’’ or ‘‘nonprotected’’ in coloration on the soil concerned. 

Inasmuch as different species of acridians were compared when exposed 
on the various colors of soil, these experiments by Isely were not as carefully 
controlled as were those of Sumner and of myself, where the two types of 
prey offered were always of the same species. Where different prey species 
are compared it is always possible that some difference in their size, shape, 
or behavior might influence the selection. Furthermore, the soils used by 
Isely were of several types, on only one of which the particular prey species 
concerned was concealingly colored. Nevertheless, these experiments are 
of great interest and value in that a diversity of predators and of prey 
species were utilized. 

Each of the types of predators employed took a greater number of the 
nonprotected than of the protectively colored species of acridians (Isely, 
1938: Table 5). The total of nonprotected acridian individuals taken in 
all the experiments was 405 and of protectively colored individuals was 183. 
The selection index against the nonprotected individuals is 0.378, and the 
chi-square of the index is 83.816. 


DISCUSSION 


The experiments above described in which owls served as predators and 
deer-mice as prey demonstrate that on bare ground the barn owl and the 
long-eared owl are able to capture living prey without the use of vision, 
presumably by the sense of hearing. Other experiments not previously 
reported have demonstrated that the barred owl (Strix varia) also is able 
to capture live deer-mice in complete darkness on the bare floor of the 
reaction room. 

In nature, however, wild mice usually avoid open spaces and keep under 
vegetation, rocks, and other ‘‘cover.’’ Although the sense of hearing must 
be of great value to owls in locating the general position of their prey, it is 
very doubtful if in nature the sense of hearing alone would suffice for 
making the actual captures. The well-developed eyes that owls possess and 
their demonstrated ability to see in very weak light indicate that sight is 
an important factor in their ecology. It seems certain, therefore, that to 
secure their prey under natural conditions owls must usually depend heavily 
on sight. : 

Birds and teleost fishes both have color vision (Walls, 1942), but it can- 
not be demonstrated that the predators employed in the experiments by 
Sumner and myself actually made use of contrasts in hue in capturing their 
prey. Many of the experiments with the owls were performed under illu- 
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minations so weak that the birds could not be expected to discriminate colors. 
Even in those experiments where there was a difference in hue as well as in 
shade between the two types of prey offered the owl, it seems probable that 
the choice must have been based on the difference in shade rather than on the 
difference in hue. It is noteworthy, nevertheless, that the owls tended to 
select those mice that to human eyes were conspicuous in hue as well as in 
shade when viewed against their background of soil. 

The range of nocturnal light intensities over which the owls select deer- 
mice that are conspicuous in color is very extensive. In one experiment 
with the barn owl (Table IV) selection was indicated to be operative over 
the whole range of light intensities from just below an illumination at which 
the mice would be inactive due to the light being too bright, down to the 
lowest light intensity at which the owl probably could see his prey. The 
evidence from the long-eared owl is less conclusive (Table V), but indicates 
that selection for the more conspicuous mice occurred over a considerable 
range of illuminations. 

Within some certain range of light intensitieSit is possible that the 
selection of deer-mice by owls may be more intense than under either weaker 
or stronger illuminations. The previous study of the ability of owls to find 
dead prey in weak illuminations showed that over a long range of decreas- 
ing illuminations these animals have increasing difficulty in finding their 
food (Dice, 1945). It might be assumed, therefore, that selection should 
be most discriminating at those light intensities where the predator is just 
barely able to see his prey. The data available, however, are not sufficient 
to prove such an effect. 

Whether or not selection may be more intense at some intensities of 
illumination than at others, it is indicated by these experiments that natural 
selection should be operative under almost any illumination to which deer- 
mice would likely be exposed in nature. 

The difference in pelage color between the ivory and the discard-gray 
mice used in certain of the experiments (Tables III-V) seems to our eyes 
to be much greater than that between the buff and the blandus-gray mice 
used in the last described experiment (Table VI). Nevertheless, the selec- 
tion indexes did not differ very greatly in these several experiments. This 
may in part be due to the fact that in the experiments with the ivory and 
discard-gray mice the middle of the testing compartment was bare and was 
not covered by the mouse ‘‘jungle.’? Some mice were certainly taken in 
the open area in the middle of the compartment and if these animals were 
taken without the use of sight, this may have tended to decrease the apparent 
effectiveness of selection against the conspicuous ivory mice. Furthermore, 
the amount of data obtained, even with these laborious experiments, is 
inadequate for statistical comparison. 

The difference in pelage color between the buff and the blandus-gray mice 
used in the one experiment (Table VI) is no greater than the differences 
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that in nature distinguish certain subspecies and local races of Peromyscus. 
In areas of intergradation between subspecies and in many other situations, 
the populations of these deer-mice may be composed of various proportions 
of two or more color varieties. In fact, buff and gray color phases are con- 
spicuous in the wild populations of the deer-mice of the subspecies blandus. 
It has already been demonstrated that the buff and gray color phases of 
blandus are due to a single gene difference, buff being dominant to gray 
(Dice, 1933). Furthermore, in the native region of blandus in southern 
New Mexico various colors of soils occur, some of which roughly resemble 
the gully soil and Ann Arbor sand, respectively, used in this experiment. 
In many habitats in nature, therefore, the conditions for the incidence of 
selection closely parallel those provided in the laboratory experiments here 
reported. 

In every population of Peromyscus much of the variability that exists 
has a basis in heredity (Sumner, 1932; Dice, 1940). The variability within 
populations in pelage color and in other inherited characters provides natural 
selection with an abundance of materials on which to operate. It is impos- 
sible to escape the conclusion that natural selection by predators must be an 
important factor in the evolution of pelage color in these deer-mice in any 
region where they are subject to predation by owls or by other predators 
with similar visual acuity. 

The selection indexes in those experiments in which the barn owl and long- 
eared owl were forced to depend largely on sight for the capture of their deer- 
mouse prey ranged from 0.24 to 0.29. In the experiments by Sumner, in 
which mosquito fish were used as prey and the Galapagos penguin, the night 
heron, and the sunfish were predators, the selection indexes were, respec- 
tively, 0.35, 0.23, and 0.36. Isely’s experiments on the selection of acridians 
by birds gave a selection index of 0.88. The similarity in the magnitudes 
of these indexes, irrespective of the kind of predator or the type of prey, is 
surprising. The deviations of the indexes from the zero value expected of 
a1:1 ratio in the absence of selection is in every case statistically significant 
and in most of the experiments the chi-square values of the deviations are 
high. 

The most striking feature of all the laboratory experiments here de- 
scribed is the very great advantage the concealinely colored individuals of 
the prey species have over the conspicuous individuals in escaping capture 
by predators. In every experiment in which the predator was evidently 
using sight to capture his prey, the concealingly colored individuals enjoyed 
more than a 20 per cent advantage over the conspicuous animals in escaping 
capture. In one of the experiments reported by Sumner the advantage of 
the concealingly colored individuals amounted to as much as 36 per cent, 
and in the experiments by Isely the advantage was 38 per cent. 

Such a high rate of selection, should it be applied to a natural popula- 
tion, would undoubtedly result in a very rapid change in the frequencies 
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of the genes producing the character under selection. If natural selection 
operates in nature with anything like the effectiveness indicated by these 
experiments and if the trend of selection is generally in the same direetion, 
evolution should proceed very rapidly whenever and wherever a variable 
form is exposed to its action. 


SUMMARY 


Experiments are described in which it is attempted to measure the rate 
of selection under controlled laboratory conditions when the barn owl (Tyto 
alba pratincola) and the long-eared owl (Asio wilsonianus) serve as preda- 
tors and the deer-mouse (Peromyscus maniculatus) as prey. Equal num- 
bers of two different color varieties of the mice were exposed to the owls for 
a series of fifteen-minute periods. In most of the experiments a ‘‘jungle’’ 
of interlaced thin sticks gave partial cover to the mice. The mice were 
exposed alternately on two colors of soil, one type of which matched the 
color of one variety of mouse and the other soil that of the other kind of 
mouse. 

On the floor of a room free of obstructions the owls are able to capture 
live deer-mice in complete darkness, presumably by the sense of hearing. 
Under the partial protection of a ‘‘jungle’’ of sticks, however, the owls 
seldom were able to catch mice except under illuminations at which it had 
earlier been demonstrated that they can see. 

A selection index is proposed to measure the effectiveness of selection. In 
a situation where two types of prey, A and B, are available in equal numbers, 
if the numbers taken are respectively, a and b, then the selection index of 
A is a—b/a+b. The selection index may vary between +1.0 and —1.0, 
being zero in the absence of selection. The significance of any given selec- 
tion index may be tested by chi-square. 

In those experiments in which the owls were forced to depend very 
largely on sight for capturing the deer-mice the selection indexes in favor of 
the concealingly colored mice ranged from 0.24 to 0.29. Selection occurred 
over a wide range of illuminations, extending from about the lower limit at 
which owls are able to see their prey to an intensity of ight above which 
these nocturnal mice usually become inactive. In an experiment in which 
buff and gray mice with pelage colors similar to those that distinguish races 
in nature were used as prey, a selection index of 0.24 was obtained in favor 
of the mice that were inconspicuous when viewed against their backgrounds. 

The experiments performed some years ago by I’. B. Sumner on the 
selection by several kinds of predators of light-adapted and dark-adapted 
mosquito fish give selection indexes ranging from 0.23 to 0.36. The experi- 
ments by Isely on the selection of acridians by various kinds of birds show 
a combined selection index of 0.38. 

From the very high possible rates of selection indicated by these experi- 
ments, it is concluded that natural selection can theoretically produce very 
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rapid evolution whenever a genetically variable population is exposed to its 
action. 
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INTRODUCTION 


GENETIC analysis of the differences between wild-type individuals comprising 
local populations, races, and species of animals is a necessary step toward 
understanding the complex process of evolution of animal kinds. Labora-- 
tory studies of mutant characters must be extended to include the attributes 
that differentiate between free individuals and taxonomic groups if genetics 
is to make its most effective contribution toward solving the problems of 
evolution. 

Wild genotypes are more difficult to analyze genetically than are the 
usual laboratory-bred strains of animals. The wild genotype is a complex 
system of major and minor genes that has been molded into attunement with 
its environment by the forces of mutation pressure, gene dispersal, and local 
selection pressures. The effects of major genes in wild populations conse- 
quently may be obscured by the accumulated effects of other minor, modify- 
ing genes.- ‘The obvious method of attack is to bring the animals into the 
laboratory and there to establish homogeneous strains that exhibit the char- 
acters of the wild populations. This is the approach used in the present 
undertaking. 

This report deals with genetic analysis of certain wild-type variations in 
pelage color of the deer-mouse (Peromyscus maniculatus blandus). This 
particular animal was chosen because the variable deer-mouse populations of 
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the southwestern deserts provide the best material for such a study. Hven 
small local populations in the desert contain mice of sharply different hues 
and shades of color. The magnitude and relative discontinuity of these dif- 
ferences suggest the possibility of single gene differences in major color 
characters. 

The stock of deer-mice treated here came from the Tularosa Basin of 
southern New Mexico. Buff and gray color phases were recognizable in the 
original sample of the wild population. These buff and gray mice were used 
to establish laboratory populations of the corresponding color types. The 
number of color strains was later increased as other color differences were 
recognized. The several stocks were then crossed to determine the mode of 
inheritance of the different color characters. 

The buff-gray dimorphism of deer-mice has received some attention in the 
past. Osgood (1909) observed buff and gray forms of deer-mice in four 
different geographic races. Collins (1923) showed that the differences be- 
tween buff and gray are genetic. Dice (1933) crossed buff and gray deer- 
mice and showed that buff and gray are alternative characters of which buff 
is dominant over gray. The present study further tests the mode of inheri- 
tance of buff and gray coat color and also deals with other variations in 
pelage color of these deer-mice. 
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METHODS 


The parent stock of deer-mice was trapped alive about three miles north 
of Tularosa, Otero County, New Mexico, from October to December, 1938. 
The field-caught sample shipped alive to the Laboratory of Vertebrate Biol- 
ogy comprised 108 deer-mice. These mice and their offspring were kept 
under standard laboratory conditions and were fed a standard ration. ‘The 
offspring of the original, field-caught mice were used to establish the color 
strains. Inbreeding was held to a minimum during selection within the 
color stocks, for even a few generations of close inbreeding produces a high 
degree of infertility in Peromyscus. As a rule, any intra-sibship matings 
were followed by inter-sibship matings between similar phenotypes as ap- 
proximated by visual inspection. ‘ 

The offspring of crosses between the color strains were classified as to 
color type while the mice were alive. Then the mice were prepared as flat 
skins at an age of approximately five months. The mice were classified again 
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into color types after the skins were prepared. No important difference was 
found in the color identifications of the living mice and the prepared skins. 

Gross color analyses of the several strains and the offspring of the crosses 
have been made with a Photovolt photoelectric reflection meter, model 610. 
This instrument consists of a galvanometer and a search unit. The light 
source is a six to eight volt, fifteen candle-power headlight bulb. The light 
reflected from the chosen area of the mouse skin stimulates a photoelectric 
cell. The electric current produced by this cell, when stimulated by re- 
flected light, is read on a sensitive galvanometer. The search unit is placed 
on a block of white magnesium carbonate, and the galvanometer needle set at 
100 before each reading on a skin. The zero point is standardized by pro- 
jecting the light from the search unit into a tube of dull black paper. The 
galvanometer reading, then, is’the percentage of light reflected from the 
skin as.compared to the amount reflected from the magnesium block. The 
aperture of the search unit is masked to pick up the light reflected from an 
area of 9.3 by 7.4mm. All reasonable precautions have been taken to elimi- 
nate stray light and to prevent mechanical error. 

Color readings have been made routinely on the dorsal stripe of the flat 
skins in approximately the middle of the back. For some comparisons read- 
ings also have been made on the colored area of the side. A red filter was 
used alone for readings on the dorsal stripe when the comparisons between 
stocks principally involved differences in shade and saturation. When a 
measure of the qualitative differences between stocks was desired, red, green, 
and blue filters were used for both mid-dorsal and side readings. All color 
readings have been made by the author or by an assistant, William Jalosky. 
Repetition of random samples of the other’s work by each of the operators 
indicates the reliability of this method of color measurement. 

The reflection-meter values are not directly comparable with color mea- 
surements made with the Ives tint photometer originally applied to mam- 
malian colorimetric work by Sumner (1927) and subsequently used in many 
studies of mammalian pelage color (Dice, 1932). The greater objectivity 
and ease of operation of the reflection meter make its use highly preferable 
to use of the tint photometer. 

No attempt has been made to analyze the minute details of the hair struc- 
ture and pigmentation of the color strains. Sample hairs from the several 
stocks have been examined, however, to determine their major differences in 
pigmentation. Hairs have been taken for examination from the hip region, 
the dorsal stripe in the lumbar region, and from the vicinity of the root of 
the tail of sample dried skins. The hairs were soaked overnight in xylene 
to eliminate air spaces, then they were mounted in clarite for microscopic 
examination. The major details of the hair pigmentation agree with those 
described by Collins (1923), with one exception mentioned below. 

Only two types of pigments are present in the deer-mouse hairs, but each 
of these varies greatly in its intensity. The yellow-orange (yellow of Col- 
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lins) pigment ranges from pale lemon yellow to intense yellow-orange. The 
sepia pigment varies from pale brown in some stocks to black in others. My 
observations agree in part with those of Collins (1923) that the intensity of 
the pigment appears to be proportionate to the size of the granules and the 
density of the masses in which they occur. The granules of pale sepia are 
possibly also qualitatively paler than are the dark sepia granules. I do not 
agree with Collins (1923) that the yellow-orange occurs in both granular and 
diffuse form, as this pigment appears granular in our material. Collins’ ob- 
servation of diffuse pigment possibly results from his use of glycerin as a 
mounting medium. It has been recently observed by Russell (1946) that 
glycerin. sometimes reacts with yellow pigment in the house mouse (Mus 
musculus). This leads to a gradual breakdown of the yellow granules, leav- 
ing the cells filled with diffuse yellow coloration. 

The chi-square test has been used to determine the significance of devia- 
tions from the expected ratios in F, and backcross generations. Compari- 
sons between means have been made by the method of Dice and Leraas 
(1936). Differences between means which are greater than 2.7 times the 
standard error of their difference are considered significant. 


COLOR STRAINS 


Five selection lines were established by using the offspring of the field- 
caught deer-mice. These lines represent four major phenotypes. The fifth 
line is accounted for by selection in opposite directions (that is, toward pale- 
ness and darkness of pelage) within the limits of one of the major color 
types. All lines eventually bred true to type except for minor variations 
in saturation and brilliance of color. The color strains are described as 
follows: 

Black-tipped buff. The dark buff mice of this strain do not differ in ap- 
pearance from dark buff mice in the original sample of the wild population. 
In gross appearance, the dorsal pelage is a dark, reddish buff liberally 
sprinkled with black or dark brown guard hairs. The tail stripe is sharply 
defined and intensely black. Selection was attempted toward an increase in 
the saturation of the buff color, but the saturation of some of the field-caught 
mice never was exceeded. The juvenile pelage usually is distinctly buffy, 
and many of the young can be identified as soon as the hair appears. 

In shade of pelage color, as shown by reflection-meter readings for mid- 
dorsal red, the black-tipped buff strain is darker than any except one strain 
of black-tipped gray (Table I). The readings for reflected red on the dorsal 
stripe among ninety-four specimens prepared at random from the mainte- 
nance stock average 14.86 + 0.25 reflection-meter units. This is slightly, 
but significantly, darker than the mean of eighty-two field-caught buffs, for 


the average of the field-caught mice is 16.12 + 0.27 units, and the difference 
in the means is 1.26 + 0.36 units. 


GENETIC VARIATIONS IN PELAGE COLOR 


qnoysno1yy 
etdes jo sdumyo uMo1q 
Tyeurs ‘diy 48 quout 
-81d [voTj100 UMOIG 9[vq 


qnoysno1yy 
etdes Jo sdumjo umo1q 
qreus ‘diy 48 queut 
-81d [eoTj10d UMOIG e[vq 


qnoysno1yy 
etdes JO soessvuL Yoe[q 
‘dy ye yuoustd [eory 
-109 Yovyq 10 uMOIq ye 


‘ 


qnoysno.ryy 
vides JO SessvuL yovi[q 
{dy ye yuourstd [eory 
-109 YoRTq 10 UMOIG yLeq 


jnoysno1yy 
ewides JO sesseul Yov[q 
‘di ye yuoustd peory 
-109 yoR[q 10 UMOIG, YIVG 


SIV] (IZhOSvUON ) pxrensy 


oN 3 ee ON a 


etdes JO son 
-weis posojyeos ‘qyuoutdrd 
asuv10-MOT[Os O[QLUIODSTP ON 


vides Jo sopnuBis potoy}vos 
{quourstd osuvi0-mojed o[vq 


vides zo sdunyo 
[jews 10 soynuers {yuoursid 
a8uv10-Morpok oTqTULeostp ON 


etdes yo sdumya 
[jews to sopnuvss fquourdtrd 
esURIO-MOT[OL O[QTULODSIP ON 


“ etdos JO 
gonuvis peteyyeos f4ueUut 
-Std oSuvso-moyjes osuoquy 


puvg [eurutryqnug 


ES ee 


quomstd vides sdumya 
igjnuvis ‘uMOoIq ‘TTeUg 


quomstd vides sdumyp 
remnuvid “uMoIq ‘TeUg 


quomstd vides sdunyo 
yovtq ‘sre, ATO} eLOpOTL 


quoustd 
erdos sdumyo youtq ‘os.reT 


quourstd 
erdes sdumnqo youyq ‘esrery 


puvg [eurxolg 


sirey] (1ynosy) Apog 


SIIB], FO Sojovleyy 


€€°0 + LE'08 


€3'0 + ST FE 


$20 + 09'S 


680 + S861 


Go'0 + 98° FL 


(poy. 
poyopey ) 
SSUIPVEy 

DPW 
-MOTPIOPOY. 
aselod 
FO opeys 


uUMOIq 
eqed odr1ys 


Tey “waorq oeg 


UMOL 
eyed odt1ys 
Te GL “MoyTez 


pougop Ajdreys 

you “yovTq 

0} Avis odray4s 
ey, ‘sva8 opeg 


peuyep Ajdreys 
‘yovtq odtays 
Tey, “Avis yrvg 


peuygop Aytdaivys 
‘yaetq odr1ys 
ed ae 2o SG 


asvlod JO 
souvivoddy 
SSOLH 


SNIVULG UOION JO SUALOVUVHD ASvIAd Wo AUVNWIS 


IT @Tavi 


seis 
poddy-umorg 


ad 
peddry-umorg 


(oped) Avis 
poddry-yortq 


(qaep) s5e18 
peddry-yourg 


yng 
peddry-sperd 


Urey 


6 W. FRANK BLAIR 


The hair pigments of the black-tipped buff mice are intensely dark, as 
would be expected from the gross appearance of the pelage. The proximal 
band of the body, or agouti, hairs contains large, black clumps of sepia pig- 
ment. The subterminal band has intense yellow-orange pigment and scat- 
tered granules of sepia. The sepia pigment in the cortex of the terminal 
band varies from dark brown to black in appearance. The guard, nonagouti, 
hairs have black masses of sepia throughout their length, and the cortical 
pigment at the tip is dark brown or black. 

Black-tipped gray (dark selection line). The dark gray mice of this 
strain do not differ in appearance from gray field-caught mice except for 
their greater darkness. The dark gray pelage has a somewhat buffy-brown 
tone, and close observation reveals numerous black or dark brown guard 
hairs. The tail stripe is intensely black and sharply defined, as in the black- 
tipped buffs. Selection in this line was toward darkening the shade of 
pelage color and eliminating the buffy-brown tone. 

The mice of this strain are darker than those of any other line. The 
readings for reflected red on the mid-dorsal stripe among forty-one indi- 
viduals taken at random from the maintenance stock average 12.85 + 0.32 
reflection-meter units (Table I). These mice average slightly, but signifi- 
cantly, darker than the black-tipped buff mice, for the difference between 
their means is 2.01 + 0.40 units. This gray strain averages darker than the 
field-caught group of seventeen grays. The field-caught grays average 
16.47 + 0.54 units, and the difference between the two means is 3.61 + 0.63 
units. 

These mice differ principally from black-tipped buffs in lacking dis- 
cernible yellow-orange in the subterminal band of the body hairs. Instead 
of yellow-orange pigment, the subterminal band in the gray mice contains 
scattered granules or small masses of sepia. The buffy-brown tone of the 
black-tipped grays appears to result from the small masses and granules of 
sepia in the subterminal band. Small quantities or loose clumps of sepia 
appear brown under the microscope regardless of where they occur. The 
pigmentation of the proximal and terminal bands of the agouti hairs and 
the pigmentation of the guard hairs do not differ from that of the corre- 
sponding bands in black-tipped buff mice. 

Black-tipped gray (pale selection line). In these pale gray mice, as in 
the preceding stocks, the guard hairs of the dorsal surface appear black or 
dark brown. The tail stripe is less intensely black and less sharply defined 
than in the black-tipped buffs and black-tipped dark grays. This pale stock 
was selected toward increased brilliance of gray. Selection was effected to 
the point at which the shade of pelage color of the darkest mice of this strain 
barely overlapped the range of the palest mice of the dark eray strain. 

The average shade of pelage color in this strain is shown by reflection- 
meter readings for mid-dorsal red on eighty mice from the maintenance 
stock (Table I). The mean is 21.60 + 0.24 reflection-meter units. These 
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mice are considerably paler than the field-caught grays from which the line 
originated, for the difference in the means of the two groups is 5.13 + 0.59 
units. 

This strain, like the dark gray line, differs from buff mice in lacking any 
discernible yellow- -orange pigment in the subterminal band of the body hairs. 
The pale gray appear to differ from the dark gray mice in a general, although 
' fairly shght, reduction of the size and density of the masses of sepia pig- 
ment. The subterminal band on the agouti hairs of the pale gray mice con- 
tains fewer granules of sepia and fewer and smaller clumps of the same 
plgment. 

Brown-tipped buff. These mice are pale buff or yellow-orange in gross 
appearance. The tips of the guard hairs are pale brown, and these pale 
tips contrast only slightly with the ground color contributed by the body 
hairs. The result is a pelage that is much more uniform in color than is the 
pelage of the black-tipped buffs and grays. The tail stripe is pale brown 
and indistinctly defined. In juvenile pelage these mice are pale buff, and 
the young can be distinguished from the young of black-tipped mice as soon 
as the hair appears. 

The original brown-tipped buff mice appeared as segregants in routine 
crosses between black-tipped buffs. The ancestry of these first brown-tipped 
buffs traces back to four field-caught, black-tipped buff mice, but the pedi- 
erees do not show how many of the field-caught mice were heterozygous for 
brown-tipped. Little selection was made in the brown-tipped buff strain. 
The stock was maintained at a moderate intensity of yellow-orange, although 
occasional variants both above and below this intensity would have permitted 
some selection in either direction. 

In shade of pelage color the brown-tipped buff is the palest of all the 
strains. Reflection-meter readings for reflected red on the mid-dorsal sur- 
face of 104 mice from the maintenance stock average 34.15 + 0.23 units. 
The darkest of these is much paler than the palest of the field-caught mice. 
The palest field-caught mouse, a black-tipped buff, gives a reflection-meter 
reading of only twenty-one units ; the darkest of the brown-tipped buffs gives 
a reading of-twenty-nine units. 

- In the details of hair pigmentation, the brown-tipped buff mice differ 
greatly from the strains described above. Like the black-tipped buffs, the 
brown-tipped buffs have conspicuous yellow-orange pigment in the subter- 
minal band of the body hairs. This pigment, however, is lemon yellow in 
contrast to the intense yellow-orange of the black-tipped buffs. The chief 
difference between the brown-tipped and _ black- tipped strains is in the 
density and size of the clumps of sepia pigment in all of the pigmented © 
hairs. In the brown- tipped mice the clumps of sepia are smaller, and the 
individual granules making up each clump are less compacted than they are 
in the black-tipped mice. The loosely gathered granules comprising a clump 
are separately identifiable, and as a result each clump is extremely granular 
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in appearance. The loose arrangement of the sepia granules produces a 
pale brown color, which contrasts with the black or dark brown of black- 
tipped mice. This pale brown is found in both the medulla and cortex of 
the hairs of brown-tipped mice. The pale brown tips of the guard hairs, 
as seen with the naked eye, result from the paleness of the sepia pigment 
in the cortex. 

Brown-tipped gray. These mice are pale brown in general appearance. 
The coat of hair is relatively uniform in color, as is the case in brown-tipped 
buffs. The tail stripe is pale brown and indistinctly defined. The juvenile 
pelage is pale brown, and these mice, like the brown-tipped buffs, can be 
identified as soon as the hair grows out. 

The original mice of this strain appeared as segregants in two pairs of 
matings between mice of the black-tipped, pale-gray line. Others were 
obtained by crossing brown-tipped buffs with black-tipped, pale gray mice 
and removing the brown-tipped grays in the F, generation. The brown- 
tipped grays trace back to the same field-caught ancestors as the brown- 
tipped buffs. One brown-tipped gray mouse was trapped in the wild. This 
was an immature mouse about three weeks of age, which died in the trap 
and was preserved as a flatskin. The brown-tipped gray line was rigorously 
selected for paleness. 

Some measure of the qualitative color differences between brown-tipped 
gray and brown-tipped buff is afforded by reflection-meter: readings with 
three color filters, red, green, and blue (Table II). The buffs had signifi- 
cantly higher values for red, both mid-dorsal and side, than did the grays. 
The gray mice, on the other hand, gave significantly higher readings for 
green and blue than did the buffs. The greatest difference between the two 
strains is with reflected blue from the side, where the difference in the means 
is 5.89 + 0.33 reflection-meter units. The brown-tipped buff mice, then, are 
relatively high in reflectance of light rays falling in the red band of the 
spectrum and low in reflectance of greens and blues. The brown-tipped 
grays are relatively low in reflectance of red rays and high in reflectance of 
greens and blues. This is what one would expect from the e@ross appear- 
ance of the pelage of the two strains. 

The pigmentation of the hairs in this strain is the same as in brown- 
tipped buffs with one important exception (Table I). The subterminal 
band of the agouti hairs, as in the black-tipped grays, lacks discernible yel- 
low-orange pigment. Granules of sepia pigment are scattered through the 
subterminal band of the body hairs. The sepia pigment of the brown- 
tipped grays is pale brown, like the sepia pigment of brown-tipped buffs. 

Brown-tipped buff and gray mice of my strains have been compared with 
specimens of recessive ‘‘brown agouti’’ deer-mice described by Huestis and 
Barto (1934) from a stock of Peromyscus maniculatus gambelw originating 
at Silver Lake, Oregon, and both strains are alike in their pale brown sepia 
' pigments. Crosses made by Elizabeth Barto (unpublished) between my 
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‘‘brown-tipped gray’’ from Tularosa and ‘‘brown agouti’’ mice descended 
from those from Silver Lake produced an F, generation of twenty-nine 
brown-tipped mice and an F, generation of thirty-eight brown-tipped mice. 
The characters ‘‘brown-tipped’”’ and ‘‘brown agouti,’’ therefore, appear to 
be produced by the same gene or by alleles so similar that no difference can 
be recognized. The original ‘‘brown agouti’’ was, from its description, a 
brown-tipped buff of my nomenclature. 


-MODE OF INHERITANCE OF MAJOR COLOR CHARACTERS 


Cross matings between the stocks were made in various combinations to 
determine the mode of inheritance of the distinctive color characters of 
these strains. The major differences between buff and gray deer-mice 
already have been shown to be due to the action of a single pair of alleles 
(Dice, 1933). These genes have been designated agouti buff (A>) and gray 
(A) by Clark (1938). As it is unlikely that these genes are homologous 
with the agouti genes of the house mouse, it seems preferable to designate 
the deer-mouse genes by the symbols (G) and (g), respectively. My reces- 
sive strains, brown-tipped buff and brown-tipped gray, appeared to be 
parallel, pale modifications of buff and gray. It is possible, but by no means 
certain, that black-tipped and brown-tipped are homologous of black and 
brown of the house mouse. On the assumption that they are homologous 
they are here given the symbols (B) for black-tipped and (b) for brown- 
tipped. The éross matings were designed, therefore, to test the hypothesis 
that the major color differences in the Tularosa stock are produced by two 
pairs of alleles. The results of the crosses between my color strains are 
summarized in Table III. : 

Brown-tipped gray, when crossed with brown-tipped buff, produced 
brown-tipped buff offspring with the exception of one brown-tipped gray, 
which indicates that one buff parent was heterozygous for buff-eray. Mat- 
ings between the buff F, mice resulted in an F, generation of sixty-four 
brown-tipped buff and twenty-eight brown-tipped gray mice. The frequen- 
cies of the two phenotypes showed no significant deviation from the expected 
frequencies in a cross involving a single pair of alleles (Table III). Some 
of the F, progeny were backcrossed to brown-tipped gray. The offspring 
of this backcross comprised sixty brown-tipped buffs and forty-nine brown- 
tipped grays. The frequencies of the two classes showed no significant 
deviation from the expected 1:1 ratio for a simple backcross. This is 
evidence that brown-tipped buff and brown-tipped gray are homozygous for 
the brown-tipped gene and that buff is a single unit dominant over eray. 

When brown-tipped gray was crossed with black-tipped dark gray, an 
all black-tipped gray F, generation was produced. The F, mice were some- 
what paler than their black-tipped gray parents, but there was no doubt 
about their being black-tipped rather than brown-tipped. This effect on 
shade of color in all crosses between black-tipped and brown-tipped mice will 
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be discussed later. The F, generation contained eighty black-tipped grays 
and twenty-eight brown-tipped grays. This ratio does not depart signifi- 
cantly from the expected 3:1 ratio in a cross involving a single pair of 
Mendelian alleles (Table III). It seems evident that black-tipped and 
brown-tipped gray are homozygous for recessive gray and that black-tipped 
is dominant over brown-tipped. 

The crossing of brown-tipped buff with black-tipped buff produced black- 
tipped buff offspring with the exception of one black-tipped gray. Since 
the same level of homozygosity for buff had not been obtained in these 
strains as in those used in other crosses, the F, generation contained some 
black-tipped and brown-tipped grays. In some sibships only buffs appeared. 
The frequencies of forty-nine black-tipped and fifteen brown-tipped buffs 
in this part of the F, generation were close to the expected 3:1 ratio for a 
simple Mendelian cross (Table III). In the total F, group the frequencies 
of 115 black-tipped (including both buffs and grays) and twenty-five brown- 
tipped (buffs and grays) deviate somewhat from the expected 3:1 ratio. 
However, this deviation is not considered significant, as the chi-square value 
is only 3.809 with one degree of freedom. The results of this cross show that 
black-tipped buff and brown-tipped buff have the gene for buff in common 
and that black-tipped is dominant over brown-tipped. 


TABLE IV 
TEST FoR LINKAGE BETWEEN BUFF—GRAY (Gg) AND BLACK-TIPPED—BROWN-TIPPED (B b) 
Test-cross 
(BG/b gxbg/bg) 
Class Observed Expected 
BIA CoG De db wit game oeeete es ceen a ccmta eee ee eee 66 59.25 
Black-tipped, gray ..... 63 59.25 
Brown-tipped, buff 54 59.25 
Brown-tipped, gray 54 59.25 
TNCIEIY chs URate soe ae tee ee nae me ee I 237 « + 23700 
Analysis of Chi-square 
ne of eee ee Chi-square 
Black-tipped : brown-tipped Vatio oceans af 1.861 
Buff: gray ratio a 0.038 
TENE) on srnreriencn 1 0.038 
A ROLETIE Tee tec arent eae ye renee Rll CE Se Dea. 3 1.937 


Conclusive evidence that the major characters of the color strains result 
from the action of two pairs of alleles is found in the cross between brown- 
tipped buff and black-tipped gray. All F, progeny were black-tipped buff 
except for one black-tipped gray assumed to be indicative of a heterozygous 
parent. Black-tipped buff is a recombination class here, as the gene for 
black-tipped must have come from one parent and the gene for buff from 
the other. The black-tipped buff F, produced an F, veneration of fifty 
black-tipped_ buffs, twenty black-tipped grays, twenty-one brown-tipped 
buffs, and five brown-tipped grays. The frequencies of these phenotypes in 
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Fig. 1. The mean shade of color of the different classes of segregants, as indicated by reflection-meter readings for mid-dorsal red, in the crosses between 
blandus color strains. The graph is made after the method of Dice and Leraas (1936). The length of each line represents the extremes of that set of measure- 
ments. The middle crossbar represents the mean. Two other crossbars are placed two times the standard of the mean above and below the mean, respectively, 
forming a rectangle, If the rectangles of two comparable lines do not overlap in horizontal position the two means are indicated to differ by a statistically sig- 
nificant amount. Genetic symbols are: black-tipped and brown-tipped (Bb) and buff and gray (Gg). A subscript one following the symbol for gray (i.e., 9.) 
jndicates a dark selection line; a subscript two following the symbol for gray (i.e., g») indicates a pale selection line. 
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the F, showed no significant deviation from the expected 9:3:3:1 ratio 
(Table III). Brown-tipped gray and blaek-tipped buff are recombination 
classes. y 

Additional evidence that we are dealing with two pairs of alleles is 
afforded by the cross between brown-tipped gray and black-tipped buff. 
This cross produced black-tipped buff offspring. The F, generation com- 
prised 110 black-tipped buffs, forty-four black-tipped grays, thirty-eight 
brown-tipped buffs, and twelve brown-tipped grays. These frequencies 
showed no significant deviation from the expected 9:3:3:1 ratio (Table 
III). The brown-tipped buff and black-tipped gray are recombinations. 

Some of the F, progeny of the cross between brown-tipped gray and 
black-tipped buff were backcrossed to brown-tipped gray. This backcross 
affords a test for linkage betiween the black-tipped, brown-tipped alleles 
(B b) and the buff, gray (Gg) genes. The test is in the coupling relation- 
ship. The test-cross generation comprised 237 mice (Table IV). Parental 
types (black-tipped buff and brown-tipped gray) and recombinations (black- 
tipped gray and brown-tipped buff) occurred in the progeny in frequencies 
of 120 and 117, respectively, which do not depart significantly from the 1:1 
ratio between parental and recombination types that would be expected in 
the absence of any linkage between the genes (G) and (B). 

The black-tipped buff and black-tipped dark gray strains were crossed 
and produced both black-tipped buff and black-tipped gray offspring, appar- 
ently indicative of considerable heterozygosity in the parental buffs. The 
buff offspring were duller and grayer than the mice of the parental, buff 
strain. The buff F, mice were mated to produce an F, generation of thirty- 
seven individuals (Table III). In this generation it was difficult to separate 
all of the progeny into buff and gray classes. Eleven mice, or approximately 
the expected number of homozygous buffs, were unquestionably buff. Nine, 
or nearly the expected number of homozygous grays, were unquestionably 
eray. Seventeen, or approximately the expected number of heterozygotes, 
were difficult to assign to either class. This apparent suppression of buff 
dominance in the cross between dark strains will be discussed later. 


VARIATIONS WITHIN MAJOR COLOR CLASSES 


Only a part of the color variation in the Tularosa deer-mice can be at- 
tributed to the effects of the major gene pairs (Gg) and (Bb). Minor varia- 
tions in saturation and intensity of color permitted selection within the sey- 
eral color strains. Furthermore, the segregants into major color classes in 
the crosses showed effects of the crosses that must be attributed to other genes 
than those determining the major color types. The continuous nature of 
this variation within color strains leads to the conclusion that a relatively 
large number of genes with minor, additive effects is involved here. Reflec- 
tion-meter readings of the shade of color of the segregants in the crosses 
and of the parental stocks (Fig. 1) provide some measure of the effect of 
these minor genes. 
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Before considering the minor variations within the major color types, 
it ig well to recall the nature of selection in the parental strains. ' The black- 
tipped buff line was selected toward an increased saturation of buff. The 
black-tipped dark gray strain was selected toward darkening the shade of 
the pelage color. These two stocks are presumed to carry a majority of the 
genes for increased intensity of pigment. Black-tipped pale gray mice were 
selected toward paleness of pelage. The brown-tipped buffs and grays were 
selected toward paleness, but selection was more rigorous in the gray than 
in the buff line. These three stocks that were selected toward paleness are 
presumed to carry a minority of the intensity genes. 

Black-tipped gray was the only major phenotype in which selection was 
attempted toward both paleness and darkness of pelage. The black-tipped 
dark grays, derived from the selection toward darkness of pelage, average 
much darker than the black-tipped pale grays obtained by selection for 
paleness (Table I). The reflection-meter readings for mid-dorsal red in the 
black-tipped dark gray strain average 12.85 + 0.32 units, and the readings 
for the black-tipped pale gray line average 21.60 + 0.24 units. The differ- 
ence between the means is 8.75 + 0.40 units, which is highly significant. 
The dark gray strain was crossed with the pale gray line, and an F; genera- 
tion was raised. The progeny were intermediate between the parental 
stocks in shade of pelage, but they were closer to the parental dark grays 
than to the pale grays (Fig. 1). It seems evident that the black-tipped 
dark gray line contains a number of genes for increased darkness of shade, 
while the black-tipped pale gray line has a reduced number of these minor 
genes. | 

When black-tipped mice, presumably carrying a number of minor inten- 
sifiers, were crossed with brown-tipped mice, which had been selected against 
these minor genes, the black-tipped segregants in subsequent F,, F:, and 
backeross generations were always paler in shade than the parental black- 
tipped mice (Fig. 1). Three types of crosses between black-tipped and 
brown-tipped resulted in a tipped buff F, generation. The cross between: 
brown-tipped buff and black-tipped dark gray had less paling effect on the 
black-tipped buff F'; mice than did the other two crosses. The crosses between 
black-tipped buff and brown-tipped buff and between black-tipped buff and 
brown-tipped gray produced the palest F, black-tipped buffs. In the first 
of these three crosses most of the minor genes for darkness of shade pre- 
sumably came from the black-tipped dark gray parent, which had been 
selected intensively toward darkness of pelage. Therefore, it is to be ex- 
pected that the cross involving this strain would produce a darker F, than 
would the crosses involving the black-tipped buff strain, which had been 
selected for saturation of buff rather than total darkness of pelage. 

Black-tipped buff segregants in the F, generations of the above-men- 
tioned three crosses showed no significant differences in shade of pelage 
from the corresponding F, generations. As would be expected, however, 
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the F’, generations showed increased variability over the F,; progeny. <A 
backeross of the progeny of the cross, black-tipped buff x brown-tipped gray, 
to brown-tipped gray reduced the range of variation in shade but_did not 
change the mean. The black-tipped gray segregants in crosses between 
black-tipped dark gray and the brown-tipped lines were all paler than the 
parental black-tipped dark gray strain (Fig. 1). In the cross between 
black-tipped dark gray and brown-tipped gray, the F. black-tipped grays 
were darker in shade than were the F, mice, but they averaged paler than 
the parental black-tipped dark grays. 

Brown-tipped segregants in the F, generations of crosses between black- 
tipped and brown-tipped averaged darker than their respective, parental, 
brown-tipped strains. The darkest of the brown-tipped gray ‘segregants 
were in the F,, generation of the cross between brown-tipped gray and black- 
tipped gray. The darkest of the brown-tipped buffs likewise segregated out 
in the F, of the cross between brown-tipped buff and black-tipped dark gray. 
This is additional evidence that the dark-tipped dark gray line earries a 
larger number of the minor intensifiers of shade than does the black-tipped 
buff strain. 

Summing up this section: (1) Black-tipped strains of deer-mice, which 
had been selected for darkness of shade of pelage color or for saturation of 
buff, respectively, showed increased paleness of shade and saturation after 
crossing to brown-tipped strains that had been selected for relatively pale 
pelage color, (2) the brown-tipped lines showed increased darkness of shade 
after crossing to the selected, black-tipped lines, (3) these effects are attrib- 
uted to the action of several, minor genes with additive effects on the in- 
tensity of the sepia and yellow-orange pigment. 


DISCUSSION 


The major differences in pelage color of the Tularosa deer-mice result 
from the action of two pairs of alleles. Buff and gray mice differ in the 
pigmentation of the subterminal band of the agouti, or body, hairs. Buff 
mice have conspicuous yellow-orange pigment in this band, whereas gray 
mice lack discernible quantities of yellow-orange. The exact physiologic 
action of these genes (Gg) is not yet known. Black-tipped and brown- 
tipped mice differ in the intensity of the sepia pigment in all of the hairs. 
Black-tipped mice have large black clumps of closely packed sepia granules. 
Brown-tipped mice have smaller clumps of loosely gathered sepia granules. 

Variations within the limits of the major color types appear to result 
from the effects of an unknown number of genes with minor, additive effects 
on intensity of pigment. Some of these genes apparently affect only the 
sepia pigment, and others apparently affect only the yellow-orange. Others 
possibly affect the intensity of both types of pigment. It is not surprising 
to find these modifiers of intensity in the deer-mice, for such genes have been 


16 WwW. FRANK BLAIR 


long known in such mammals as the house mouse (Griineberg, 1943) and the 
guinea pig (Wright, 1942). 

The major genes for buff and gray and the minor intensifiers of pigment 
are principally responsible for the remarkable color variability shown by 
the species Peromyscus maniculatus. The recessive gene, brown-tipped, 
adds to the potential color variability, but only one homozygote was taken 
in the wild. The buff and gray genes provide the species with considerable 
plasticity in regard to hue of pelage. The minor intensifiers provide a 
wide range of pocential variation in shade and saturation of pelage color. 
The close correlation between the pelage color of deer-mice and the soils 
inhabited that Dice (1940) found in local populations from widely separated 
parts of North America requires the plasticity afforded by the minor inten- 
sifiers of pigment, in addition to the range of variability permitted by the 
major genes. 

Some of the minor, intensity genes have an interesting effect on the buff 
phenotype. In wild-caught mice buffs usually cannot be identified as such 
until the mouse has grown its adult coat of hair. In the black-tipped buff 
strain, which was selected for saturation of buff color, the buff phenotype 
can be distinguished from gray as soon as the first coat of hair appears. 
Some modifying genes, which were apparently lost during selection in the 
buff strain, presumably delay the deposition of yellow-orange pigment until 
the growth of the adult pelage. When, as pointed out earlier, these black- 
tipped buff mice are crossed with black-tipped dark grays, the F, buffs are 
a less bright buff than are the parental buffs. They are duller and grayer 
in appearance than are mice of the black-tipped buff line, and the buff can- 
not be distinguished from the gray phenotype until the adult pelage appears. 
The conclusion seems justified that the gray mice brought into the cross 
modifiers that had been lost during selection in the buff line. 

In the F, generation of the cross, black-tipped buff x black-tipped dark 
gray, the segregation is into three classes with frequencies close to the 
expected for a case of incomplete dominance (Table III). This departure 
from the relatively sharp segregation in the other crosses between buff and 
gray probably results from the action of the minor, modifying genes. The 
black-tipped dark gray parents presumably brought into this cross a major 
number of minor sepia intensifiers. The black-tipped buff parents pre- 
sumably contributed a large number of yellow-orange intensifiers and un- 
doubtedly some sepia modifiers. The yellow-orange pigment seems to be 
suppressed to some extent in the filial generations of this cross by the effects 
of the minor, sepia intensifiers. This suppression of the yellow-orange is 
greatest in the presumed heterozygotes of the F, generation, in which a 
single dosage of the buff gene and presumed recombinations of the minor, 
sepia intensifiers result in a buffy-gray phenotype. Parallel cases of inability 
to distinguish between all buff and gray individuals, in dark, wild popula- 
tions of deer-mice, will be discussed in a later report.. 
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SUMMARY’ 


Color variations in a stock of deer-mice (Peromyscus maniculatus blan- 
dus) from Tularosa, New Mexico, are accounted for by genes with major 
and genes with minor effects. 


Two pairs of alleles with major effects account for the major color pheno- 
types in these deer-mice: Buff (@), which is characterized by yellow-orange 
pigment in the subterminal band of the body hairs, dominates gray (g), 
which lacks the yellow-orange pigment. Black-tipped (B), in which the 
sepia pigment appears black or dark brown, dominates brown-tipped (6), 
in which the sepia pigment is pale brown in appearance. 

Minor variations within the major color types appear to be due to the 
actions of several genes with minor additive effects on the intensity of pig- 
ment. Some of these genes apparently affect only the sepia pigment, and 
others apparently affect only the yellow-orange. Some possibly affect both 
types of pigment. A major accumulation of minor intensifiers of sepia 
often suppresses the yellow-orange pigment in buff mice. 
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INTRODUCTION 


Tuis report deals with the frequencies of two Mendelian genes which have 
major effects on pelage color. Gene ratios are estimated for five closely ad- 
jacent populations of deer-mice (Peromyscus maniculatus blandus) in the 
Tularosa Basin, New Mexico. The estimated gene frequencies at the five 
localities are discussed in relation to the color of the soils inhabited by the 
mice and to the ecological distribution and population dynamics of the 
species of this area. 

Areas of buff and of gray soils occur adjacent to one another in many 
parts of the Tularosa Basin. Some of the ecological associations on these 
soil types include considerable populations of deer-mice, and the dynamics 
and ecological limits of these populations are probably as well known as 
those of any populations of small mammals. The two genes studied produce 
a buff and a gray mouse, respectively: The comparative frequencies of these 
genes for buff and gray pelage on adjacent areas of buff and gray soils 
should, therefore, afford some measure of the intensity of selection against 
the mice that are conspicuous on their backgrounds. 
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METHODS 


Stocks of deer-mice were collected at five localities in the eastern Tularosa 
Basin from October to December, 1938. The field-caught mice were shipped 
alive to the Laboratory of Vertebrate Biology at Ann Arbor, Michigan. In 
the laboratory the buff mice, dominant over gray (Dice, 1933), were mated 
to gray to determine their genotypes. The offspring of the test cross were 
classified into color types and then, at an age of approximately five months, 
prepared as flat skins. The classification was rechecked in the prepared 
specimens. 


LOCALITIES OF ORIGIN OF THE SAMPLES 


Samples of the wild populations of deer-mice were obtained at the follow- 
ing localities in the Tularosa Basin: 

Tularosa. A total of 108 deer-mice were obtained about three miles north 
of the town of Tularosa. Deer-mice were concentrated in grassy washes 
along the right-of-way of the Southern Pacific Railroad and alone a few 
grassy washes and irrigation ditches lateral to the railroad. The soil at this 
station is dark red. 

Alamogordo. This sample of 179 deer-mice was taken about three miles 
south of the town of Alamogordo. The deer-mice were trapped in an exten- 
sive area of mesquite association, where they were numerous. ‘The soil is 
pinkish gray. 

Salinas. Sixty-five deer-mice were trapped along the Southern Pacific 
right-of-way, seven to twelve miles north of Tularosa. Here, as at Tularosa, 
the deer-mice were concentrated along the railroad, but the mice were scarcer 
than they were at the Tularosa station. The soil at this station is pinkish 
eray. 

Lone Butte. A total of fifty-seven deer-mice was obtained in an isolated 
area of mesquite association covering a few acres about thirteen miles west 
of the town of Tularosa. The soil is pale pinkish gray. 

White Sands. This station is in the interior of the gypsum dunes of the 
White Sands National Monument. It is in section 19, township 17 Ss, range 
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ve. The soil is creamy-white gypsum “‘sand.’? Deer-mice were scarce here, 
and only thirteen live mice were secured. 


ESTIMATE OF GENE FREQUENCIES 


As the basis for estimates of the frequencies of the buff and eray genes 
in adjacent populations of deer-mice, fairly adequate samples from four wild 
populations and a small and relatively inadequate sample from a fifth popu- 
lation were secured. The gray, or homozygous recessive, mice were deter- 
mined by inspection. The dominant buff mice then were mated to eray i 
order to determine whether or not they were heterozygous for gray. Some 
dominants had no offspring in the laboratory, and a few that did breed pro- 
duced less than ten offspring. Some of the dominants were mated inter se 
for another study, and in some instances produced litters containing gray 
offspring, but they later failed to breed when mated to gray mice. The mice 
of each stock are grouped into three classes for the estimate of gene fre- 
quencies. There are (1) the dominants that produced ten or more offspring 
in crosses to gray, (2) the dominants that produced less than ten offspring 
when crossed to gray, and (8) the recessive grays, which were determined 
by inspection. 

In estimating the population gene ratio from such data, an approxima- 
tion may be introduced without appreciable bias or serious loss of precision. 
I shall ignore the offspring of all buff mice, each of which did not produce 
ten or more offspring in test crosses with gray, even though some are known 
heterozygotes. By classifying all such dominants as ‘‘untested,’’ a small 
amount of information is sacrificed, although no bias will be introduced if 
the progenies are discounted regardless of their composition. Now, the 
chance that a heterozygous buff mouse should produce ten or more offspring, 
all buff, is only 1/1024 or less. By classifying such dominants as homo- 
zygous, the estimate of gene frequency should be biased in favor of the 
dominant gene by a small and negligible amount. 

Each original sample of wild-caught mice may therefore be classified in 
four categories: (1) buff, untested, (2) buff, homozygous, (3) buff, hetero- 
zygous, and (4) gray. The observed frequencies in these four classes will 
be designated a, b, c, and d, respectively, their total being n. If all domi- 
nants had been tested (a =0), the frequency of the recessive gene, would be 
estimated as 

es a with standard error, s Neen q) , 


whereas if all dominants were untested (b =0, c=0), one could take as the 
estimate, assuming genetic equilibrium, 
ty Woe 


ian ks 
=4/— th standard error, s = 
3 x a 7? With standar ae 
(Cotterman, 194%). When dominants are only partly classified as to geno- 
type, as in the present instance, a weighted estimate having an intermediate 
precision is required. 
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‘It k represents the proportion of dominants tested, (b+¢)/(a+b+Ce), 
the expected frequencies (m) in the four classes are as shown in Table I. 


TABLE I 


EXPECTED FREQUENCIES OF CLASSES OF GENOTYPES WHEN PART OF THE 
DoMINANTS ARE UNTESTED 


Class Observed Frequency X Expected Frequency m 
Dominants, untested ....scscsoccnsrenn a (1-4q’) (1— k)n 
Dominants, hHOMOZYZOUS -...ceeeon b (1-q)*kn 
Dominants, heterozygous .....-..0.. c 2q(1 = q)kn 
IRVOCOSSIVCS) coven aires cha etaree fae d gn 
FIN Otel: eerctscatavesttncet entices tec n n 


Applying the method of maximum likelihood (Fisher, 1945) to this table, 
one obtains the estimate 


preg 20 ODE LB Rea (ey 


4n (1) 

and its standard error is given by . 

4 Gag) mae (2) 
2n(k —kq + 2q) 

When k = 0 or.k = 1, these formulae reduce to those given above for the cases 

of genes with or without dominance, respectively. 

If (1) and (2) are applied to the data on buff and gray at each collecting 
station the estimated frequency (q) of recessive gray genes is found for each 
of the five populations (Table III). Using these estimates one may calculate 
the expected frequencies from Table I and test the goodness of fit of the data 
to the single-gene hypothesis and the assumption of genetic equilibrium 
(Table IT). 

Actually, only the assumption of genetic equilibrium is tested here. It is 
already known that the major differences between the buff and gray mice 
represent the effects of a single gene (Dice, 1933; Blair, 1947). There- 
fore, any significant deviations from the expected frequencies may be taken 
as indications of a departure from genetic equilibrium. Only one degree of 
freedom remains for the chi-square test since, although there are four classes, 
the expectations have been made to agree with the observations in respect 
to % z and k. Applying this test, one finds no significant deviations from 
the expected frequencies in the four major samples (Table IT). All of the 
x” values fall below 3.841, which marks the 5 per cent level of probability. 
In the White Sands sample, which is too small for a reliable test of signifi- 
cance, the observed numbers fall fairly close to the expected. It is evident, 
then, that at least four of the populations sampled are within sample bounds 
as regards the distribution of genotypes. The character of the fifth, small 


sample suggests that the population from which it was drawn is also in 
equilibrium. | 
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COMPARATIVE GENE FREQUENCIES IN THE TULAROSA BASIN POPULATIONS 


As an estimate of the frequencies of the buff and gray genes in deer-mice 
populations of five localities in the Tularosa Basin (Table III) has been 
obtained, these estimates can be compared to ascertain whether or not the 
two genes are equally distributed in the total deer-mouse population of the 
basin (Table IV). : 


TABLE II 


OBSERVED AND EXPECTED FREQUENCIES OF BUFF AND GRAY GENOTYPES IN SAMPLES OF 
DEER-MICE FROM FIVE STATIONS IN THE TULAROSA Basin, NEw MeExico 


Sample and Class Observed Frequency | Expected Frequency (X—m)*/m 
x m 42 
Tularosa 
Buff, untested .............. 2 51.88 0.0003 
Buff, homozygous ..... 14 14.23 0.0037 
Buff, heterozygous .. ee 21.69 0.0044 
Gray eco duc taconite 20 20.19 0.0018 
UDO bent tiecs. tere cer 108 107.99 0.0102 
Alamogordo 
Buff, untested ............. 32 31.06 0.0285 
Buff, homozygous ..... 4 6.48 0.9491 
Buff, heterozygous ... 43 39.13 0.8828 
Grainy ae et cess 97 99.34 0.0551 
ata waite: 176 ; 176.01 1.4155 
Salinas 
Buff, untested ............. 37 36.68 0.0028 
Buff, homozygous ...... 5 5.07 0.0583 
Buff, heterozygous ... 10 9.30 0.0527 
Guba yok cee te ameter 13 13.45 0.0151 
DO bet (ergs deeesesatee 65 65.00 0.1289 
Lone Butte 
Buff, untested .........«.. a 6.61 0.0230 
Buff, homozygous ..... 4 6.10 0.7230 
Buff, heterozygous ... 25 : 21.28 0.6503 
Gay, Gren eee ee neta 21 23.01 0.1756 
Petat ye cielo 57 57.00 1.5719 
White Sands 
Buff, untested ............. 2 1.84 
Buff, homozygous ....... 0 0.50 
Buff, heterozygous ... 4 3.17 
Gray yaa ree 7 7.48 a 
Botaleecess yee 13 12.99 


The Tularosa and Salinas samples do not differ significantly in their 
estimated frequencies of buff and gray genes, and it is inferred that they 
were drawn from populations having the same parameters in respect to this 
frequency. Likewise, there is no significant difference in the buff—gray ratio 
~ among the Alamogordo, Lone Butte, and White Sands mice. In all other 
comparisons between any two of the populations the differences in gene ratio 
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TABLE III 


ESTIMATED FREQUENCIES OF THE Burr (G) AND GRAY (g) GENES IN POPULATIONS OF 
DEER-MICE (Peromyscus maniculatus blandus) av Five STATIONS IN THE 
TuLAROSA Basin, New MExIco, IN PER CENT WITH STANDARD ERRORS 


; Estimated Frequencies Standard 
Station Soil Color . Rivors 
Buff (G) Gray (9) 

Uinlanosaaenccnen: | Dark Red 56.76 43.24 3.85 
Alamogordo Pinkish gray 24.87 75.13 2.37 
Salinas eee. Pinkish gray 54.51 45.49 5.10 
Lone Butte ........... Pale Pinkish 

gray 36.46 63.54 4.61 
White Sands ..... Creamy white 24.13 75.87 8.59 


are significant beyond the 1 per cent level of probability. The Alamogordo, 
Lone Butte, and White Sands mice all have a significantly higher proportion 
of gray genes than do those from Tularosa and Salinas. The Alamogordo 
mice have a somewhat, but not significantly, higher proportion of gray genes 
than do those of the Lone Butte station. 


OTHER COLOR VARIATION 


The shade of pelage color in the four major samples of deer-mice has been 
measured by a photovolt reflection meter using a standard technique (Blair, 
1947). The reflection meter values are expressed as the percentages of 
light reflected from designated areas of the dry mouse skin by comparison 
with the light reflected from a magnesium block. Three color filters, red, 
green, and blue, have been used. 

The buff mice from Tularosa and Salinas do not differ significantly 
(¢ = 2.6 or more) in any of the color readings (Table IV). Both the Tula- 
rosa and Salinas buffs, however, average significantly lower (i.e., darker in 
shade of pelage) than do the Alamogordo and Lone Butte buffs in all reflec- 
tion meter readings except dorsal blue. The Tularosa mice to not differ 


TABLE IV 


COMPARISON OF Burr (G): GRAY (g) Ratios IN Five Deer-Mouse PoPuULATIONS OF 
THE TULAROSA BASIN, NEw MExIco 


¢ Gene Ratio Differences in 
Comparisons Poricant t 
(alarosa——o Alina esse eee 2.254 6.39 | 0.35 
Tularosa—Alamogordo onrcccscseene 31.89 + 4.52 7.06 
Tularosa—Lone Butte 00... 20.30 + 6.01 3.38 
Alamogordo—Lone Butte .. 4 11.59 + 5.19 2.23 
Salinas—Lone Butte ....... 18.05 + 6.88 2.62 
Salinas—Alamogordo ...... 2 29.64 45.62 — 5.27 
White Sands—Tularosa 32.63 49.41 3.47 
White Sands—Salinas .......... 30.38 + 9.99 3.04 
White Sands—Alamogordo ....... 0.74 48.91 0.08 
White Sands—Lone Butte... 12.33 +.9.75 1.26 
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significantly from either the Alamogordo or the Lone Butte buffs in reflected 
mid-dorsal blue. The only significant difference between the Alamogordo 
and Lone Butte buffs is in the value for reflected green; Lone Butte4s higher 
than Alamogordo. 

The gray mice from Lone Butte are slightly but significantly higher in 
readings for mid-dorsal green than are those from Alamogordo. The other 
gray mice of the four stocks do not differ significantly in any of the color 
readings. This apparent uniformity of the grays, however, can be given 
little weight, for the numbers are small in three of the stocks, and the stand- 
ard errors consequently are large. 

From these data, one may deduce that the Tularosa and Salinas samples 
are drawn from populations having the same parameters for minor, additive 
genes affecting the saturation and intensity of pigment in the major pheno- 
types (Blair, 1947). The Alamogordo and Lone Butte samples come from 
other populations having approximately common parameters in respect to 
these minor genes. 


DISTRIBUTION OF DEER-MOUSE POPULATIONS IN THE TULAROSA BASIN 


Deer-mice are widely, but not evenly, distributed in the Tularosa Basin. 
The deer-mice are limited largely to the mesquite and grassy wash associa- 
tions, and they occur only rarely in the creosote-bush and atriplex associations 
(Blair, 1943). Because of strong edaphic controls these ecological associa- 
tions are discontinuously distributed in the basin. Local areas of mesquite 
or grassy wash association are separated by extensive areas of creosote bush 
and atriplex that undoubtedly act as partial barriers to the dispersal of 
deer-mice. <A limited amount of dispersal of deer-mice probably takes place 
through these unfavorable associations, but it must be of much less magni- 
tude than the dispersal within the limits of a widely distributed favorable 
ecological community. 

The Tularosa, Salinas, and Alamogordo samples constitute a north-south 
transect through the eastern edge of the basin, parallel to and about three 
miles distant from the foothills of the Sacramento Mountains. At Tularosa 
and Salinas the deer-mice were living in grassy washes along a railroad and 
on the grassy and weedy banks of a few irrigation ditches lateral to the 
railroad. Creosote-bush association, which is unfavorable to deer-mice, 
occupies the alluvial slopes adjacent to the foothills and extends into the 
basin beyond the railroad and is replaced by atriplex association toward the 
interior. The grassy-wash association inhabited by the mice occupies the 
floor and sides of a dry drainage ditch paralleling the railroad, and nowhere 
is the association more than a few yards wide. Extensive trapping in the 
ereosote-bush association resulted in the capture of only two deer-mice. The 
ereosote-bush association is, therefore; at least a partial barrier to the dis- 
persal of deer-mice, and the population along the railroad probably ap- 
proaches linearity. This condition, of course, has existed only since the 
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building of the railroad. Before that time, and before irrigation was begun, 
any deer-mouse population of this section presumably inhabited the grassy 
washes draining across the creosote-bush association from the foothills of 
the mountains. 

At Alamogordo the mice live mostly in mesquite association. The sample 
was obtained near the railroad, but the mice were not restricted to the rail- - 
road right-of-way as they were at the other stations. The deer-mice were 
widely and rather evenly distributed over an area of mesquite association 
that extends several square miles south of the town of Alamogordo. The 
Salinas station extends along five miles of the railroad from a point four 
miles north of the Tularosa station to a point nine miles north of that 
station. The Alamogordo station is eighteen miles south of the Tularosa 
station. The grassy washes along the railroad provide a possible route of 
dispersal of deer-mice connecting all of these stations. The unfavorable 
ereosote-bush association flanking the railroad and occupying most of the 
territory between the stations probably retards dispersal and largely limits 
it to a linear type by way of the grassy washes along the railroad. 

The Lone Butte and White Sands populations are at least partly isolated 
from the above-mentioned populations of the eastern basin. The interior 
of the basin exclusive of the White Sands is largely occupied by atriplex 
association, which is unfavorable for deer-mice. The Lone Butte mice oceu- 
pied an area of mesquite association that extends only a few acres. It is 
separated from the Tularosa population, the nearest of the eastern basin 
populations, by approximately thirteen miles. of atriplex and creosote-bush 
associations. The sparse population of the White Sands, an area of 270 
square miles of gypsum dunes near the middle of the basin, is separated 
from all of the other populations by atriplex and creosote bush. 


DISCUSSION 


The frequencies of the buff and gray genes in five local populations of 
deer-mice in the Tularosa Basin have been estimated. I have tested the 
hypothesis that these genes are in equilibrium in the populations sampled 
and find that the data support this hypothesis. I have found, further, that 
the differences between some of the gene ratios exceed the differences that 
might be expected from sampling variations. Differences in the shade and 
saturation of the buff phenotype that are attributable to the effects of minor, 
additive genes have also been found. I have considered the distribution of 
the deer-mouse population of the Tularosa Basin as it has been determined 
from ecological studies in the region. An explanation must be sought for 
the differences and likenesses in buff-gray ratios and for the other genetic 
color differences within the relatively small area from which the samples 
were taken. 

The genetic differences in the populations sampled might be accounted 
for in any or all of three ways: (1) isolation by distance and ecological bar- 
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riers, and consequent random divergence, (2) differential selection pressures 
at the different localities, and (3) differential mutation rates. 

First, there is possibility of random differentiation. Differences in the 
frequencies of certain gene arrangements in the third chromosome in isolated 
populations of Drosophila pseudoobscura have been attributed to just such 
random divergence (Dobzhansky and Queal, 1938). The distribution of the 
deer-mouse population of the Tularosa Basin approximates the “‘island 
model’’ population postulated by Wright (1943) in his mathematical treat- 
ment of the effects on gene frequencies of isolation by distance. The local 
populations are small and at least partly isolated one from the other by eco- 
logical barriers. The one probable route of effective dispersal between any 
of the populations results from recent, man-made changes in the local en- 
vironment. Therefore, it is possible that random differentiation in partly 
isolated populations has contributed to the local differences in buff—gray 
ratios. The difference in gene ratio between Alamogordo and Lone Butte 
mice (Table IV) possibly results from such random divergence. Mutation 
rates of the genes under study are unknown, so the possible role of differential 
mutation rates in the present situation cannot be considered. 

Differential selection of the two genes is the third possible cause of the 
observed differences in gene frequencies. One is dealing here with two 
genes having major effects on the gross appearance of the mice. The buff 
gene (G) produces a buff mouse. The gray gene (g), in duplex quantity, 
produces a gray mouse. It is to be expected that a buff mouse would have 
a better chance of escaping detection by predators on buff or red soil than 
would a gray mouse on the same soil. A gray mouse would stand a better 
chance of survival on gray soil than would a buff mouse. It has been demon- 
strated recently that under experimental conditions certain predators do 
capture more gray than buff deer-mice on buff soil and more buff than gray 
mice on gray soil (Dice, 1947). It should prove profitable, therefore, to 
examine the colors of the soils on which the Tularosa mice were living for 
a clue to the reasons for the differences in gene ratios. 

Most of the desert soils in this part of the Tularosa Basin are some shade 
of pinkish gray in appearance (Map 1). The darkest of these pinkish gray 
soils oceur at the edge of the basin, as shown in the transect, south of Alamo- 
gordo and from about six miles north of Tularosa north beyond the limits 
of the transect. Toward the interior of the basin these pinkish gray soils , 
become paler and exceed all other soils of the area in paleness except the 
creamy white gypsum of the White Sands. In sharp contrast to these pale, 
predominantly gray soils, there is an area of dark, brick red soil just north 
of the town of Tularosa. This area of dark red soil is about four miles wide 
and extends out about five miles from the base of the foothills into the basin. 
At its northern limit the dark red soil changes abruptly to pinkish gray. 
At its southern limit the dark red changes abruptly to light red soil that . 
extends south for about seven miles and merges eradually into pinkish gray. 


Map 1. 
New Mexico. 
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The Tularosa sample came from about the middle of the area of dark red 
soil. The relatively high frequency (56.76 per cent) of buff genes and the 
low frequency (43.24 per cent) of gray genes I believe to be directly related 
to selection by predators against the nonadaptive gray gene on the dark red 
soil. In this population the ratio of buff, adaptive to gray, nonadaptive 
phenotypes, as estimated from the sample, is 81.5 to 18.5 per cent. Actually, 
the selection has favored not only an adaptive gene but also an adaptive 
genotype. The buff Tularosa mice are a darker, more saturated buff than 
are the buff mice from the gray soils, as has been shown by colorimetric 
methods. These methods, while they do show differences, fail to show the 
full difference to the human eye between the Tularosa buff mice and most 
of those from the gray soils. Most of the Tularosa buffs have a dark, reddish 
buff pelage in contrast to the less saturated and grayer buff of most buff 
mice from gray soils. 

On the dark red soil near Tularosa, I believe that natural selection has 
favored buff over gray mice and that it has also favored the accumulation 
of the minor, additive intensifiers of pigment. 

The Alamogordo and Lone Butte populations occupy pinkish gray soils. 
The comparatively high frequencies of gray genes in these populations 
(75.13 per cent at Alamogordo, and 63.54 per cent at Lone Butte) I attribute 
to selection by predators against the nonadaptive buff on the pinkish gray 
soils. As on the Tularosa red soil, selection is favoring an adaptive genotype 
rather than a single gene. The buff mice of the gray soils are paler than 
those of the dark red soils. It is possible that once fixation of the buff—eray 
genes has occurred in these populations of the gray soils, selection has oper- 
- ated principally against the minor intensifiers. It appears that some of the 
buff mice of the pinkish gray soils, as affected by the minor, modifying genes, 
are less conspicuous on these soils than are gray mice on the dark red soil. 

The high frequency of gray genes (75.87 per cent) in the White Sands 
population, as estimated from the small sample, possibly indicates the selec- 
tive advantage of gray over buff on the White Sands. The buff and eray 
mice are both relatively conspicuous on the white gypsum, and any selective 
advantage of gray over buff must be of a lesser magnitude than the advan- 
tage of one color type over the other on the other soils of the basin. The 
bufi-gray ratio in the White Sands population is to be expected whether 
or not there is selection for either color type. The White Sands undoubt- 
edly received its original population of deer-mice from near-by populations 
of the pinkish gray desert soils, and I suspect that the deer-mouse popula- 
tion on the gypsum dunes occasionally approaches zero only to be replen- 
ished from populations such as that at Lone Butte. With gene fixation in 
these populations and with no selection for or against buff or gray on the 
White Sands, the gene frequencies on the sands would parallel the fre- 
quencies in the near-by populations. 2 


The Salinas sample obviously is not consistent with the other samples 
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from the Tularosa Basin. Here, on pinkish gray soil of approximately the 
Same appearance as the Alamogordo soil, there is a buff-gray ratio and an 
average shade of pelage no different from the gene ratio and the-shade of 
pelage in the population of the dark red Tularosa soil. One must either 
weaken the case for natural selection as the principal agency in establishing 
and maintaining the observed gene frequencies in the Tularosa Basin popu- 
lations or find a reasonable explanation for the situation in this population. 
The population dynamies of deer-mice in this part of the basin offer such 
an explanation. 

The Tularosa and Salinas samples were taken only four miles apart. 
There must be relatively free interchange of genes among the deer-mice 
living in the grassy washes parallel to the railroad. From fragmentary and 
minimum records it is known that deer-mice frequently move at least one- 
third of a mile under conditions of moderate population pressure in the 
mesquite association (Blair, 19483b), and it is likely that they disperse far- 
ther than this. Under the conditions of crowding and high population pres- 
sure present in the grassy washes, it seems likely that dispersal is over much 
longer distances. 

If natural selection is operating against the buff gene in the Salinas popu- 
lation, then the pressure of immigration from the Tularosa population must 
be of such magnitude as to obliterate the effects of selection. The buff—gray 
ratio in the deer-mouse populations along the railroad north of the town of 
Tularosa consequently would be controlled by selection on the dark red soil. 
There is other evidence to support this theory. The deer-mouse population 
at Tularosa was much larger than at Salinas. Only a little more than one- 
half as many mice were caught at Salinas as at Tularosa (Table II) even 
though more effort was expended and more territory was covered there than 
at the latter station. It has been shown experimentally that, given differ- 
ential population pressures within an ecological association, immigration will 
proceed mostly from the areas of greater to the areas of lesser pressure 
(Blair, 1940). There apparently was such a pressure differential between 
the Salinas and Tularosa populations at the time the samples were taken, 
and the dispersal pressure from the Tularosa toward the Salinas population 
probably was considerably in excess of the reverse pressure. The popula- 
tions were at a peak of abundance when the samples were taken, but this 
difference in relative population size and a consequent pressure differential 
would be maintained even under reduced densities of population. It is almost 
axiomatic that, as population sizes fluctuate, the relative densities of the 
species in minor subdivisions of a local area maintain their relative propor- 
tions. It is quite possible that, with seasonal decreases in population size 
in the area, the Salinas population becomes very low only to be later re- 
plenished by immigration from the relatively larger Tularosa population. 
The difference in the size of the two deer-mouse populations appears to be 
due to minor differences in the grassy wash association at the two stations. 
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The grass cover is thicker at Salinas than at Tularosa, and this condition 
seemed to favor another, related species. The wood mouse (Peromyscus 
leucopus tornillo) was enormously abundant at: Salinas and much less 
“numerous at Tularosa. 

The contrasting situations at Salinas and Alamogordo, respectively four 
miles north and eighteen miles south of the Tularosa station, emphasize the 
important role of isolation by distance and of population structure in dif- 
ferentiation. ‘Adaptive and even random nonadaptive differentiation may 
oceur under isolation by distance alone (Wright, 1943). Under conditions 
of partial isolation and selection within the different populations, differenti- 
ation will occur faster than under the action of partial isolation or selection 
alone (Wright, 1938). This situation in nature is illustrative of these proc- 
esses. The Salinas and Tularosa populations, which are only four miles 
apart, are estimated to have the same parameters in respect to buff-eray 
gene frequencies and in respect to minor, modifying, color genes, even though 
selection pressure is assumed to be exerted in opposite directions in the two 
populations. I conclude that immigration pressure exceeds selection pres- 
sure and that, as discussed above, immigration pressure probably is unequal 
between the two populations. The Alamogordo population, eighteen miles 
away, is no more isolated from the Tularosa mice except by distance than is 
the Salinas population. Thus, while a distance of four miles is not sufficient 
for differentiation, even under presumably heavy selection pressures, a dis- 
tance of eighteen miles is sufficient under the conditions in this area, which 
include differentiation into several vegetation and soil types. The genetic 
balance between the populations along this transect, as it exists today, prob- 
ably is influenced by the linear distribution of a part of the populations. 
Such a distribution of the species favors differentiation more than does areal 
distribution (Wright, 1943). The frequencies of buff and gray presumably 
were fixed in the populations long before the railroad was built and under 
conditions of greater isolation than exist today. The Tularosa and Alamo- 
gordo populations do, however, maintain their distinctness, even though a 
linear route of ready dispersal now exists between their two areas. In the 
Alamogordo population, then, I conclude that selection pressure balances 
immigration pressure, whereas in the Salinas population selection pressure 
is swamped by the pressure of immigration from the more abundant popu- 
lation of the Tularosa red soil. 

In summing up this discussion I conclude that the differences in buff-gray 
gene ratios and the quantitatively determined differences in minor, modi- 
fying genes in the Tularosa Basin populations are attributable to: (1) partial 
isolation of relatively small local populations in’ favorable ecological asso- 
ciations that are separated by considerable expanses of unfavorable asso- 
ciations, (2) selection by predators against nonadaptive color genotypes, and 
(3) the combined effects of isolation by distance and ecological isolation. 
Populations only four miles apart, on differently colored soils, and not iso- 
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lated, except by distance and relatively linear distribution, show no differ- 
entiation in buff-gray gene ratio. Populations eighteen miles apart, on 
differently colored soils, isolated only by distance, and having a relatively 


linear distribution do show adaptive differentiation in the frequency of the 
buff and gray genes. 


SUMMARY 


Deer-mice (Peromyscus maniculatus blandus) were trapped alive at 
five stations in the Tularosa Basin, New Mexico, and brought into the labora- 
tory for a study of gene frequencies in wild populations. Tlrese mice carry 
Mendelian alleles, buff (@) and gray (g), that have major effects on pelage 
color, and which presumably have different survival values on differently 
colored soils. : 

Genotypes of the dominant buff mice were determined by test crosses in 
as many of the buff mice as possible. Not all the mice produced offspring, 
and the gene frequencies were, therefore, estimated by means of a maximum 
likelihood formula appropriate to data in which only a part of the dominants 
are classified as to genotype. 

A chi-square test of the data revealed no significant departure from 
genetic equilibrium in any of the populations. Significant differences in 
buff-gray ratios were present between each of three populations living on 
pinkish gray soil and each of two other populations living on or near an 
area of dark red soil. 

The differences in gene ratios are attributed to the effects of: (1) partial 
ecological isolation of the deer-mice into relatively small, local populations, 
(2) differential selection for the two genes by predators on red and pinkish 
gray soils, (3) the combined effects of ecological isolation and isolation by 
distance. Populations only four miles apart showed no differentiation even 
though selection was presumably operating in opposite directions in the two 
populations. Differentiation in buff-gray frequencies and in minor color 
characters was evident in populations fifteen to eighteen miles apart and 
living on differently colored soils. 
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INTRODUCTION 


THe soils on which cactus-mice (Peromyscus eremicus) live in the Tularosa. 

Basin, New Mexico, exhibit extremes in shade of color within a relatively 

small area. Stocks of cactus-mice were collected in 1938 and 1940 as part of 

a study of color variation in the mammals of this area. These stocks afford 
an opportunity to study the relation of shade of soil color to the shade of 

pelage color of local, slightly isolated populations of cactus-mice. 
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METHODS OF STUDY 


The cactus-mice taken in the field were shipped alive to the Laboratory 
of Vertebrate Biology at the University of Michigan in Ann Arbor, All 
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of the mice were kept under standard conditions and were fed a standard 
ration. The laboratory-born offspring of these field-caught animals were 
raised to an age of twenty-two or more weeks, at which time they had at- 
tained adult pelage. Then they were killed and prepared as flat skins. The 
shade of color of the skins was measured by use of the Ives tint photometer, 
using the methods described by Dice (1932). As the shade of pelage color 
only was to be measured, tint photometer readings on the skins were made 
with only the red filter. 


COLLECTING STATIONS 


Cactus-mice were collected on two lava beds in and near the Tularosa 
Basin and from three stations on the sandy desert of the same basin (Map 
1). These stations are described as follows: 

Alamogordo. About three miles south of the town of Alamogordo, and 


TABLE I 


SHADE or Sorts INHABITED, AS SHOWN BY MEANS OF TEN TINT PHOTOMETER READINGS 
WITH RED FILTER ON EACH SAMPLE 
Shade of Pelage of Adult Cactus-mice (Peromyscus eremicus), Standard Deviations, 
with Standard Errors. 


Specimens 
Stock Shade of 
Soil Color Number Number ‘Mosnis Standard 
Parents Specimens s Deviations 
TP VAM OSA, eseiecesssccsn HOES 9 42 14.52 + 0.62 3.99 + 0.44 
Lone Butte . 36.0 9 49 16.98 + 0.35 2.42 + 0.24 
Oscuromensers 10.3 6 88 10.94 + 0.24 2.21+0.17 
TECCVAVANO, cayetee 12.4 7 69 9.90 + 0.25 2.07+0.18 
Alamogordo _......... 19.6 9 39 17.80 + 0.30 1.86 + 0.21 


about two miles west of the foothills of the Sacramento Mountains. Three 
females and six males were trapped in mesquite association. The soil is 
pinkish gray in color, and there are no rocks in this area. 

Lone Butte. About thirteen miles west of Tularosa in a small, isolated 
area of mesquite association. Four females and five males were taken here. 
The soil is pale pinkish gray, and there are no rocks. 

Tularosa. Three miles north of Tularosa, and about two miles west of 
the foothills of the mountains. Four females and five males were captured 
in grassy wash association. The soil is dark red, and there are no rocks. 

Oscuro. The Tularosa Malpais about five miles west of Oscuro. Three 
males and three females were collected in Malpais lava association. The 
mice were living in crevices and holes in the black lava. 

Kenzin. Lava bed at Kenzin, Dona Ana County. Three females and 
four males were obtained on the lava bed. The lava at this station is not 
quite as dark as the Tularosa Malpais lava (Table 1). 


VARIATION IN SHADE OF PELAGE 
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Map 1. 


Tularosa Basin and adjoining areas in southern New Mexico, showing approximate location 
of stations at which cactus-mice were collected. 


Crossed circles indicate collecting stations. 
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SOIL COLORS 


The two lava beds studied are composed of dark rock. The lava of the 
Tularosa Malpais is slightly darker than that of the Kenzin bed (Table I). 
Small quantities of soil paler than the lava rock have accumulated in pockets 
on both lava beds. This is particularly true of the Kenzin bed, where pale, 
orange-colored sand has been blown on the flattest part of the lava from 
near-by dunes. The cactus-mice live in crevices in the lava, but they un- 
doubtedly travel over the pockets of soil as well as over the rough rock. 

The soils of the Tularosa Basin are highly variable in shade. The 
creamy white gypsum of the White Sands, an area of approximately 270 
square miles near the center of the basin, is the palest soil of the region. 
Pinkish gray soils, which occur over most of the basin, exclusive of the 
White Sands, are pale, but they do not approach the White Sands in this 
respect. Cactus-mice were collected at two stations on these pinkish gray 
soils. The soil at the Lone Butte station was paler than that at the Alamo- 
gordo station (Table I). An area of dark red soil occupies about twenty 
square miles of the desert just north of the town of Tularosa. This soil, 
while very different in hue, is as dark as the Kenzin lava. <A stock of 
cactus-mice was taken on this dark, red soil. The soils in the foothills of 
the mountains along the eastern edge of the basin, are predominantly pale 
and pinkish gray. The Tularosa dark red soil extends for an undetermined 
distance into the foothills. 


SHADE OF PELAGE COLOR 


The colorimetric measurements of the field-caught and laboratory-raised 
cactus-mice are roughly indicative of the variation in shade of pelage in the 
respective wild populations. The parameters of the wild populations in 
respect to shade of pelage obviously cannot be estimated accurately from 
these data, for the numbers of field-caught parents are too small to afford 
fully reliable samples of the wild populations. Nevertheless, the labora- 
tory stocks suffice to show the major trends in shade of pelage in the popu- 
lations from which they were derived. 

The Kenzin and Oscuro stocks, which are from dark lava beds, do not 
differ very greatly in shade of pelage (Table I). The Oseuro stock averages 
slightly, but significantly, paler than the Kenzin stock, the difference in the 
means is 1.04 + 0.35 tint photometer units, which is significant. The lava- 
bed stocks are both significantly darker than any of the stocks from the 
desert plain. 

The Tularosa stock, originating from a small area of dark red soil as dark 
in shade as the Kenzin lava, is intermediate in’ mean shade of pelage be- 
tween the lava-bed stocks and the stocks from relatively pale, pinkish gray 
soils. The Tularosa stock is significantly paler than the lava-bed stocks and 
significantly darker than the Alamogordo and Lone Butte mice. The Tula- 
rosa stock is also significantly more variable, as shown by the standard 
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deviations, than any of the other stock studied (Table I). The palest 
Tularosa animals are as pale as the palest of those from the other desert . 
plain stocks, and the darkest approach the darkest of the lava-bed mice in 
depth of shade. , 

The Alamogordo and Lone Butte stocks, which are from relatively pale 
desert soils, are significantly paler than the three other stocks (Table I). 
There is no significant difference between these two stocks in mean shade of 
pelage, nor in variability, as shown by the standard deviations. 


DISCUSSION 


The tendency of desert mammals in general and of cactus-mice in par- 
ticular to be inconspicuous on their backgrounds has been pointed out by 
Dice and Blossom (1932) and by Dice (1939). This tendency is evident 
in the cactus-mice of the Tularosa Basin, for they usually correspond in 
shade of pelage to that of the background on which they live. The soils 
of the basin form a mosaic of markedly different- shades of color. The 
aggregate population of cactus-mice in the region, in turn, is a mosaic of a 
number of small, local populations that differ in shade of pelage. Local 
populations of similar shades of pelage occur on soils of similar shade many 
miles apart. Intervening areas of differently colored soils support popu- 
lations with different shades of pelage. Thus, the dark races on the two 
widely separated, dark lava beds are similar in shade of pelage, while pale 
races occupy the intervening pale soils of the desert plain. 

_ The differentiation of the local populations associated with local soil 
areas of different shades of color seems best attributable to selection pres- 
sure that exceeds the homogenizing effect of interbreeding between the 
several adjacent, local populations. The local distribution of the cactus- 
mouse is influenced by its preference for rocky situations, but, at some sea- 
sons of the year at least, it ranges more widely over the desert plains than © 
any other primarily saxicolous mammal of the region (Blair, 1943). There 
is, therefore, incomplete ecological isolation of such populations as those 
on the two lava beds. 

Even the small area of Tularosa red soil is large enough for differentia-_ 
tion in shade of pelage of cactus-mice to occur. Color differentiation of 
another species, Peromyscus maniculatus, on the Tularosa red soil and other 
soils of the desert plain has previously been reported (Blair, 1947). The 
Tularosa and Alamogordo stocks of cactus-mice are samples from a continu- 
ously distributed population that occupies the front and foothills of the 
Saeramento Mountains. There must be a fairly continuous interchange of 
individuals between the mice living on the dark red Tularosa soil and those 
living on the pinkish gray Alamogordo soil. The small size of the area of 
dark red soil at Tularosa and the swamping effect of gene dispersal from 
near-by areas of pinkish gray soils probably account for the relatively high 
variability of the Tularosa stock. Selection pressure and dispersal pres- 
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sure evidently more or less balance one another. The selection pressure 
here seems insufficient to eliminate all or most of the genes making for 
paleness of shade. The influx of genes from surrounding areas seems in- 
sufficient to overcome completely the effects of selection against the genes 
for paleness. 

An interchange of genes undoubtedly takes place between the populations 
of the Malpais lava and the populations of the near-by mountains, where 
the background is relatively pale. Benson (1933: 41) has suggested that the 
variability of the Kenzin and Malpais lava populations of cactus-mice is 
due to immigration from surrounding territory. Such immigration and a 
consequent transfer of genes probably takes place between the other con- 
tiguous color populations of cactus-mice in the region. This interchange 
of genes, without the operation of some kind of selection, would theoretically 
result in a fairly homogeneous population of cactus-mice throughout the 
basin. The existence of these color races, therefore, can be explained ade- 
quately only as the result of natural selection. 


SUMMARY 


Cactus-mice in the Tularosa Basin of southern New Mexico usually 
correspond in shade of pelage to the shade of the background on which they 
live. Stocks from the Malpais lava in the northern part of the basin and 
from the Kenzin lava south of the basin are very similar to one another in 
mean shade of pelage. Relatively pale stocks were taken at Alamogordo and 
Lone Butte on the pinkish gray soils of the intervening desert basin. The 
Tularosa stock, which is from a relatively small area of dark red soil is 
intermediate in shade of pelage between the lava-bed stocks and the stocks 
from pinkish gray soils. The Tularosa stock, being from a relatively 
small area of uniform soil color, is more variable than are the other stocks. 
The existence of the local cactus-mouse populations distinguished by shade 
of pelage is attributed to selection pressure that exceeds the homogenizing 
effect of interbreeding between the several adjacent local populations. 
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INTRODUCTION 


THE rate of evolution of animals in nature can be estimated accurately only 
when it becomes possible to express the variations of wild populations in 
-terms of variations in gene frequencies. Such pioneer efforts as those of 
Sumner (1932) and Dice (1940) have convincingly demonstrated the enor- 
mous range of variability in natural populations of Peromyscus. Further 
progress toward an understanding of the causes for physical differences 
between local populations, however, requires a different approach. The 
mode of inheritance of characters that distinguish natural populations must 
be analyzed, and the genotypes of wild-living individuals must be deter- 
mined. It is, in a sense, unfortunate that our knowledge of the so-called 
mutant characters, of little or obscure importance to the immediate survival 
of the animal in nature, far exceeds our information about characters that 
receive general expression in natural populations. A beginning has been 
made, however, toward an understanding of the genetic basis for these 
““wild-type’’ characters. 

Recent studies of color variation in the deer-mouse of the subspecies 
Peromyscus maniculatus blandus have shown that the buff and gray color 
phases of this race are produced by Mendelian alleles (Dice, 1933; Blair, 
1947a). Populations of this subspecies of deer-mouse in the Tularosa Basin, 
New Mexico, have been sampled, and the frequencies of the two alleles in 
local populations of that area have been estimated (Blair, 1947b). 
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The present report deals with the results of experiments designed to test 
for the occurrence of these color genes in other populations from distant 
parts of the range of Peromyscus maniculatus. It includes also an attempt 
to classify as buff or as gray the field-caught specimens of this species in the 
collection of the Laboratory of Vertebrate Biology. 
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METHODS 


All of the deer-mice discussed herein were kept under standard con- 
ditions in the iaboratory of Vertebrate Biology at Ann Arbor, and all were 
fed a standard ration. The hybrids produced in the crosses between the 
several strains of mice were raised to an age of five or more months, when 
they were prepared as flat skins. The shade of pelage of some of these 
hybrids has been measured with a Photovolt reflection meter, using a stand- 
ard technique (Blair, 1947a). Classification into color types was made after 
the mice had been prepared as specimens. 

The field-caught mice that were examined for the buff and gray characters 
were brought into the laboratory in past years to initiate stocks for varia- 
bility studies. They have been prepared as flat skins and stored in museum 
cases. These mice represent random samples of the populations from which 
they were taken. 

STRAINS OF DEER-MICE — 


Representatives of five strains of deer-mice, either field-caught mice or 
their direct descendants, have been used in the crosses with selected color 
strains of blandus. The origin of the stocks used is as follows: 

Blandus, Tularosa. These color strains of blandus have been described 
in detail elsewhere (Blair, 19472). Most of the blandus mice used in the 
crosses were homozygous for recessive gray (genotype gg). Most of these 
grays were also homozygous for another, dominant gene, black-tipped (geno- 
type BB), but, as will be indicated in the text, a few heterozygotes (Bb) 
and a few mice that were homozygous for recessive brown-tipped (b b) were 
also used. Black-tipped buffs (BB GG) were crossed with two of the stocks 
from other localities. 

Nebrascensis, Meade. This stock originated from six females and seven 
males trapped by C. W. Hibbard about fourteen miles southwest of Meade, 
Meade County, Kansas. The field-caught mice were received in the labora- 
tory on August 22, 1939. 

Gracilis, Pine Lake. These mice descended from eight males and eight 
females that were trapped by W. F. Blair near Pine Lake, Alger County, 


Michigan. The field-caught mice reached the laboratory on September 24, 
1940. 
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Nubiterrae, Mountain Lake. Fourteen males and five females were col- 
lected by J. S. Rogers, Jr., near Mountain Lake, Virginia. They were 
received on July 22, 1939. 3 

Oreas, Oyster Bay. This stock originated from nine males and six 
females that were taken by H. J. Leraas on Oyster Bay, about ten miles west 
of Olympia, Washington. The field-caught mice were received in the labora- 
tory on December 13, 1940. 

Oreas, Silver Lake. Nine males and two females were trapped, July 18 
and 19, 1940, by Lee R. Dice about five miles west of Eatonville, Pierce 
County, Washington. 


CROSSES BETWEEN blandus COLOR TYPES AND OTHER 
GEOGRAPHICALLY DISTANT RACES 


Crosses were made between certain of the blandus color strains and deer- 
mice from the five distant localities described above. These mice from other 
localities are fairly representative of the species maniculatus. Two stocks 
are from the Pacific Northwest. One is from the southern range of the 
species in the Eastern forest. One is from the northern part of the range 
in the Eastern forest. Another is from the central Great Plains. 

The crosses were made to test the hypotheses that (1) the buff character 
of other races of deer-mice results from the same major gene that produces 
buff blandus, and that (2) all gray deer-mice have the recessive gene for 
gray incommon. The results of the crosses are summarized in Tables I and 
II. The segregation of color characters in the crosses is discussed below. 


Gray blandus x Buff nebrascensis 


The nebrascensis deer-mice, from southwestern Kansas, are a rich buff in 
pelage. Ten field-caught mice have been examined, and all are buff, although 
there is some variation in the saturation of yellow-orange pigment. Two of 
these buff nebrascensis were crossed with gray blandus. The two matings 
produced seventeen F, mice, all of which were buff. This indicates that the 

buff of the nebrascensis dominates the blandus gray. Although all F, mice 

were buff, there was much variation in shade and saturation of color. One 
of the matings, between a bright buff nebrascensis and a gray blandus, pro- 
duced five bright buff offspring. The other mating, between a dull buff 
nebrascensis and a gray blandus, produced a variable lot of twelve dull buff 
mice. 

Four pairs of the F, mice produced an F, generation of sixty-six buffs 
and twenty-seven grays (Table I). The ratio of buffs to grays does not 
depart significantly from the expected three to one ratio for a simple Men- 
delian cross. The gray segregants were pale and did not differ in appear- 
ance from pale gray blandus. This is taken to indicate that the nebrascensis 
mice contributed no appreciable quantity of modifiers of gray to the cross. 
The buff segregants were variable in the shade and saturation of color. Hach 
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sibship contained some bright buff mice and some mice which, presumably 
due to the segregation of minor modifying genes, were of variable shades 
and saturations of buff. 

Seven of the F, mice, mated back to gray blandus, produced a backcross 
generation of forty-four buff and thirty-seven gray mice (Table II). The 
buff-gray ratio does not differ significantly from the expected one to one 
ratio for a simple backeross. The grays were pale in shade and similar to 


TABLE I 


SEGREGATION OF BUFF AND GRAY PHENOTYPES IN CROSSES BETWEEN blandus, TULAROSA, 
New MExico, Coton STRAINS AND DEER-MICE FROM OTHER, 
Distant LOCALITIES 


Ey F, 
er nk ce Ex- | Classes| Ob- 
Crosses pected | Pheno- | served | pected of served Z 
Num- | type | Num- | Num- | Pheno-| Num- 
ber ber ber types ber 
Gray blandus 69.75 Buff 66 
x 17 Buff 17 0.806 
buff nebrascensis—Meade 23.25 Gray 27 
Buff blandus 
x we Buff ii 41.00 Buff 4 LGA prc nee 
buff nebrascensis—Meade 
Gray blandus 2.25.) Buffy 2 
x 7 Buff (Gr Ae Oe ne ih ie) PA 
buff gracilis—Pine Lake 0.75 Gray 1 
Buff blandus 
x 8 Buff “C8. Chg Giccaee, 9) ee a | | rr 
buff gracilis—Pine Lake 
Gray blandus Buff 44 6.00 Buff 4 
x 3 el TN ee) ret a 
buff nubiterrae—Mt. Lake Gray- 7 2.00 Gray 4 
Gray blandus 
yx 9 Gray 9. 8.00 Gray Ss eee, 
gray nubiterrae—Mt. Lake : 
Gray blandus 10.50 Buff 10 
x 6 Buff i PR Ag ha Pi le 
buff oreas—Oyster Bay 3.50 Gray 4 
Gray blandus 13.50 Buff 13 
x 8 Buff 8) [Alay ie eee ee eee 
buff oreas—Silver Lake 4.50 Gray 5 


gray blandus in appearance. The buffs, like the F. buffs, were variable in 
shade and saturation of color. One sibship contained one brown-tipped buff 
and one brown-tipped gray. The brown-tipped presumably came from the 
blandus. The brown-tipped mice were of medium shade and were similar 
in appearance to blandus mice of corresponding phenotype. 

The dominance of the nebrascensis buff over the blandus gray in the F, 
and the segregation in the F, and backerogs generations indicates that these 
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are allelic genes and that the buff dominates the gray. The similarity in- 
appearance between the nebrascensis buff and the blandus buff, and. the 
results of the cross to be described below, indicate that the same major gene 
for buff pelage is common to the blandus buffs and the nebrascensis buffs, 
at least to those from the Meade locality. 


Buff blandus x Buff nebrascensis 


Two of the buff nebrascensis were crossed with black-tipped buff blandus. 
One mating produced six and the other produced eleven buff offspring. Five 
members of one sibship, which were prepared as specimens, had an intense 
saturation of yellow-orange, but they varied among themselves considerably 
in shade of pelage. Four pairs of these F; mice were mated and produced 
an F, generation of forty-one buff mice (Table 1). These mice showed the 
same sort of variability in shade and saturation of pelage color, presumably 
due to the segregation of minor modifying genes, that was present in the 
buffs of the F, and backcross generations of the cross between gray blandus 
and buff nebrascensis. There was no other evident segregation. It seems - 
evident, then, that the blandus and nebrascensis buffs are produced by the 
same dominant gene for buff pelage. 


Gray blandus x Buff gracilis 


The gracilis stock, from the Upper Peninsula of Michigan, descended 
from seventeen dark buff, field-caught mice. Two of the buff gracilis, crossed 
with gray blandus, produced seven moderately bright buffs in the F; genera- 
tion. A mating between two of the F, mice resulted in an F, generation of 


TABLE II 


SEGREGATION OF COLOR PHENOTYPE IN BACKCROSSES OF HYBRIDS (BETWEEN blandus- 
GRAY AND BUFF DEER-MICE FROM OTHER LOCALITIES) TO blandus-GRAY 


Expected} Classes of | Observed a 


Pigeecrosves Number | Phenotypes}. Number x 

F, (gray blandus : buff nebrascensis) 40.50 Buff - 44 ae 
gray blandus 40.50 Gray 37 
F, (gray blandus x buff gracilis) 35.00 Buff 30 

x 1.429 
gray blandus 35.00 Gray 40 

F, (gray augenatis buff nubiterrae) 14.00 Buff 16 Re 
gray blandus 14.00 Gray 12 

F, (gray blandus x ps oreas—Oyster Bay) 37.50 Buff 42 et 
gray blandus 37.50 Gray 33 

F, (gray blandus x buff oreas—Silver Lake) 40.00 Buff 38 oe 


x 
gray blandus ’ 40.00 Gray 42 


—— 
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one gray and two buff mice (Table 1). The gray was no different from that 
of gray blandus mice. One buff was moderately bright; the other was dull 
in appearance and had a low intensity of yellow-orange pigment. 

Four of the F, mice were backcrossed to gray blandus and produced 
thirty buff and forty gray offspring (Table II). The ratio of buffs to grays 
does not depart significantly from the expected one to one ratio for a simple 
backeross. The grays did not differ in appearance from gray blandus mice. 
The buffs were highly variable. Some were bright, with a high intensity of 
yellow-orange; others were dull, with a low intensity of yellow-orange. 

The gray blandus used in one of the original and backcross matings was 
in the brown-tipped phase. The backcross generation, in this case, con- 
tained six black-tipped buffs, six black-tipped grays, six brown-tipped buffs, 
and three brown-tipped grays. The brown-tipped buffs and grays resembled 
corresponding phenotypes, of average shade, in blandus. The results of the 
crosses between blandus and gracilis indicate that the buff of gracilis is an 
allele of the gray of blandus. The similarity of the hybrid buffs, in both 
the black-tipped and brown-tipped phases, to corresponding blandus types 
strongly suggests that the blandus buff and the gracilis buff are both pro- 
duced by the same major color gene. The buff of both subspecies dominates 
gray, which furnishes additional cause to believe that the buff of both results 
from the same gene. 


Buff blandus x Buff gracilis 


Three of the buff gracilis crossed with buff blandus produced an F, 
generation of eight buffs. The hybrids were extremely variable in their 
saturation of yellow-orange pigment. One sibship contained only one mouse, 
which was dull buff and had a medium saturation of yellow-orange. Another 
-sibship had one bright buff, one of medium brightness, and one dull buff that 
had a low saturation of yellow-orange. The variability of the buff hybrids 
presumably comes from various combinations of several minor modifying 
genes that affect the intensity of the yellow-orange pigment, 


Gray blandus x Buff oreas—Oyster Bay 


Four field-caught oreas from Puget Sound, Washington, are dark in 
shade and buffy in tone. The yellow-orange pigment in these mice is of me- 
dium or low intensity. One of the buff oreas mice was crossed with a gray 
blandus, and the mating produced six dull buff offspring. There was little 
variability in shade of pelage or in amount of yellow-orange saturation in 
this family of six hybrids. Two mated pairs of the F', mice produced an F, 
generation of ten buffs and four grays. The buff—gray ratio is close to the 
expected three to one ratio (Table I). The grays resembled dark eray 
blandus. The buffs in both families of I, hybrids were extremely variable, 
which presumably indicates numerous minor modifiers of buff in the oreas. 
Each family had at least one fairly bright buff and also intermediates be- 
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tween bright buff and dull buff. Two mice of one family were a ‘‘chocolate”’ 
buff in appearance, and one mouse of the other family was of this type. 

Four of the F, hybrids were backcrossed to gray blandus. The back- 
cross generation comprised forty-two buffs and thirty-three grays, which is 
within the limits of variability for the expected one to one ratio (Table IT). 
The gray blandus used in the original cross and for the backcross were 
heterozygous for brown-tipped ; thus, the segregation in three sibships of the 
backcross generation was into four classes. The black-tipped and brown- 
tipped grays resembled corresponding phases of gray blandus. The black- 
tipped buffs were less variable than the F, buffs and were low in yellow- 
orange saturation. The buff of oreas, like the buff in the other races, appears 
to result from the same gene that produces the buff blandus. The differences 
in appearance of the two buffs apparently are caused by several modifying 
genes. ; 

Gray blandus x Buff oreas—Silver Lake 


The eleven field-caught oreas from Silver Lake, Washington, resembled 
the oreas from Oyster Bay. One Silver Lake oreas was crossed with a gray 
blandus. Eight buff offspring resulted from this cross. These buffs were 
variable in shade of pelage and ranged from moderate to low in saturation 
of yellow-orange. An F, generation, from four pairs of the hybrids, com- 
prised thirteen buffs and five grays. The buff—gray ratio is within the limits 
of probability for the three to one ratio that would be expected if this buff 
is a single unit dominant over blandus gray. The grays, two of which were 
in the brown-tipped phase, resembled corresponding phases of dark gray 
blandus. The buffs were variable. Two had moderate intensities of yellow- 
orange pigment; the others were low in intensity of this pigment. There 
was much variation in general shade of pelage. 

Seven of the F, hybrids were backcrossed to gray blandus. Their 
progeny comprised thirty-eight buffs and forty grays. The proportions of 
buffs and grays are close to the expected one to one ratio (Table II). The 
erays resembled gray blandus. The buffs varied in shade and in saturation 
of yellow-orange pigment. One sibship contained three buffs in the brown- 
tipped phase. Two of these resembled brown-tipped buff blandus. The 

other one was, presumably from the action of modifying genes, more dull 

and more brown than the corresponding type of blandus. The buff of this 
oreas stock, like that of the oreas from Oyster Bay, therefore, appears to be 
produced by the same major gene that produces buff blandus. 


Gray blandus x Buff nubeterrae 


Fourteen of seventeen field-caught nubiterrae from Mountain Lake, Vir- 
ginia, were fairly bright buff in appearance. Six apparently buff offspring 
of the field-caught mice were crossed with gray blandus. Three of the en- 
suing sibships contained an aggregate of twenty-four variable buffs. One 
was very bright buff, four were moderately bright buff, and nineteen were 
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a dull ‘“‘chocolate’’ buff similar to the ‘‘chocolate”’ buffs among the Oyster 
Bay oreas hybrids. Three sibships comprised twenty-one buffs, which 
showed the same type of variability as was present in the families mentioned 
above, and five apparent grays. These suspected grays were more brown in 
appearance than gray blandus. 

Two pairs of buff hybrids produced an F, generation of four variable, 
but relatively bright, buffs and four variable grays. One of the grays 
resembled dark gray blandus; the others were more chocolate-brown in 
appearance than were the gray blandus mice. 

Five of the buff F, mice were backcrossed to gray blandus. The back- 
cross generation comprised sixteen variable buffs and twelve grays. The 
buff-eray ratio does not depart significantly from the expected one to one 
ratio. The gray segregants in this cross, unlike those in the crosses involving 
other stocks, differed from gray blandus. These hybrid grays were all more 
brown in appearance than were the gray blandus mice. It appears that the 
nubiterrae mice possessed certain modifiers of gray that were not observed 
in the crosses involving other stocks. The evidence from this cross suggests 
that the doubtful grays that segregated out in the F, generation of the cross 
were grays. Like the grays in this generation, they were more brown in 
appearance than were the gray blandus. 


Gray blandus x Gray nubiterrae 


Three of the seventeen field-caught nubiterrae were darker in shade and 
more gray in appearance than the others. These three mice were thought 
to be possibly gray rather than buff, although they had low intensities of 
what appeared to be yellow-orange pigment. One of these mice was mated 
to a gray blandus. The nine offspring of this mating were gray. One 
resembled dark gray blandus, and the others were slightly more brown than 
blandus. Two of these brownish gray hybrids, when mated together, pro- 
duced an F, generation of eight grays. Three of the grays resembled dark 
gray blandus, and the others were more brown than the blandus mice were. 

The modification in tone of the blandus gray, when crossed with nubi- 
terrae, evidently results from the action of one or more modifying genes. 
This effect is quite different from the intensification of the shade of gray 
that is obtaimed when pale gray blandus are crossed with other deer-mice 
that have a dark shade of pelage. If I am correct in believing that the gray 
of nubiterrae and of blandus is produced by the same major gene, with dif- 
ferent modifiers, then the nubiterrae stock comes from a population having 
a mixture of buff and gray genes, 


BUFF AND GRAY PHASES IN SAMPLES OF WILD POPULATIONS 
All field-caught specimens of Peromyscus maniculatus in the collection 
of the Laboratory of Vertebrate Biology have been examined for the buff— 
gray pelage characters. These specimens total 2467 and represent eighteen 
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named races of deer-mice from 173 localities in North America. Four 
regions, the Great Lakes states, northern plains, northwestern United States, 
and the southwestern deserts, are most heavily represented. Some speci- 
mens are available, however, from most parts of the range of the species in 
the United States. 

Not all of the mice can be classified positively as buffs or grays. Modi- 
fiers of gray, such as were present in the nubiterrae stock that was crossed 
with gray blandus, are apparently widespread in the species. The buffs are 
extremely variable in their intensity of yellow-orange pigment and in their 
shade of pelage. Certain intensifiers of shade of pelage often suppress buffi- 
ness in mice that are genotypically buff (Blair, 1947a). It is not possible, 
therefore, to classify all deer-mice in respect to buff and eray without breed- 
ing tests. 

Of the 2467 specimens examined, 2089 are classified as buff. These come 
from 172 localities and represent eighteen subspecies. Many of these buffs 
are more brown, or chocolate, in appearance than is buff blandus. Grays of 
the blandus type total 177, but 158 of these are from the Tularosa Basin, 
New Mexico. Two other stocks of blandus, from the Davis Mountains of 
Texas, contain grays of this type. One of three specimens of rufinus from 
Highrolls in the Sacramento Mountains, New Mexico, resembles the gray 
blandus. Two of twenty-three artemisiae from Troy, Idaho, resemble gray 
blandus. One of 139 maniculatus from Isle Royale in Lake Superior is 
indistinguishable from dark gray blandus. 

Seventy-five of the mice examined are possibly gray. They are more 
brown in appearance than are gray blandus mice, and like the nubiterrae 
grays used in the blandus—nubiterrae cross, they appear to have low inten- 
sities of yellow-orange pigment. Breeding tests would be required to de- 
termine whether such mice were buff or gray. Such a test did indicate 
that the nubiterrae mice of this type are modified grays rather than buffs. 
These presumed grays were mostly in samples from populations with dark 
shades of pelage. Stocks of hollisteri, rubidus, and artemisiae from the for- 
ests of the Northwest and of maniculatus and nubiterrae from the Hastern 
forests contained mice of this type. Other specimens of this possible gray 
were found in the dark-colored race bairdu of the prairies and in osgoodi 
and gambeli. It is noteworthy that two of the stocks in which grays resem- 
bling gray blandus were present contained many of these other, supposed 
grays. The stock of artemisiae from Troy, Idaho, in addition to two grays 
of blandus type, contained nine of this other type and twelve buffs. The 
stock of maniculatus from Isle Royale, Michigan, in addition to one blandus- 
type gray, contained thirty-two mice that were classified as the modified 
eray and 106 that were classified as buffs or possible buffs. 

There are 117 specimens that, while low in intensity of yellow-orange 
pigment, appear to be probably buff rather than gray. These mice could be 
classified with certainty only by a breeding test. 
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Some generalizations may be made from the examination of the field- 
caught specimens even though it is impossible to classify all individuals in 
respect to color type. It is very evident that most deer-mice are buff. 

Gray deer-mice most frequently inhabit the Southwestern deserts, but 
some grays do occur in other distant populations. Grays that resemble gray 
blandus rarely are present in these other populations. Brownish gray mice 
that possibly are modifications of the gray observed in blandus, presumably 
through the effects of other genes, occur in several widely separated popula- 
tions of the species. 

Deer-mice of the subspecies nebrascensis from the Nebraska sandhills 
have a type of dichromatism. An aggregate of 166 specimens from eighteen 
localities in and near the sandhills was examined, and all of the mice appear 
to be of the buff phase. Of these, 124 mice are a clear, rich yellow-orange 
in appearance, and forty-two are relatively dull in appearance and dark in 
. shade of pelage. Clark (1938) crossed some of these clear buff nebrascensis 
with dark-colored mice of the subspecies bairdii and rubidus, which he called 
gray. From these crosses he obtained evidence that the nebrascensis charac- 
ter is dominant over the dark shade of pelage of bairdii and oreas. His 
material has been examined by me, and it is evident that the characters he 
was dealing with do not correspond to the buff and gray of blandus, for all 
of his mice are buffs by my classification. The relating of these characters 
to other described color characters of the deer-mouse must await further 
investigation. 

DISCUSSION 


The cross matings showed that the gray of blandus is recessive to the 
buff of (1) nebrascensis from southwestern Kansas, (2) gracilis from north- 
ern Michigan, (3) nubiterrae from Virginia, and (4) two stocks of oreas 
from the state of Washington. The resemblance of buff blandus to the buff 
seeregants in the crosses and the lack of evident segregation in the F, of the 
cross between buff blandus and buff nebrascensis indicate that the buff of 
the other races of maniculatus is probably produced by the same major gene 
that produces buff blandus. 

The nubiterrae stock was the only one of the five stocks tested that had 
both of the buff-gray alleles. Failure to find the recessive gray gene in the 
other races is no indication that these races lack the gene. Too few indi- 
viduals were tested for any conclusions about the frequencies of the two 
genes to be drawn from these data. Actually, gray mice resembling gray 
blandus were observed in samples from three other subspecies, and brownish 
gray mice, presumably produced by the gene for gray and other, modifying 
genes, were among field-caught specimens from eight geographic races. - 

The buff segregants in the crosses between the blandus color strains and 
the other races are extremely variable. Some are bright buff in appearance; 
others are dull buff. The buffs vary extremely in the intensity of the yellow- 
orange pigment in the agouti band of the body hairs. The wide range of 
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variation in the hybrid buffs is taken to indicate numerous modifying genes 
with minor effects on the buff phenotype, Similar effects of these minor 
genes have been observed in crosses between color strains of blandus (Blair, 
1947a). The buff field-caught specimens examined from many parts of the 
species range vary similarly. The variability is so great that, lacking the 
opportunity for breeding tests, not all of these field-caught mice can be defi- 
nitely classified as buffs. 

The gray segregants in the crosses between gray blandus and the oreas, 
gracilis, and. nebrascensis show very little variation. The hybrid grays 


TABLE III 


MEAN SHADE OF GRAY MICE IN F, AND BACKCROSS GENERATIONS OF CROSSES BETWEEN 
GRAY blandus AND MIcE oF OTHER RACES, AS SHOWN BY REFLECTION 
METER READINGS FOR DorsSAL RED 


Generation 


Cross In; Backeross 
Specimens Dorsal Red Specimens Dorsal Red 
Gray blandus 
XK 4 12.50 24 16.08 + 0.41 
buff oreas (O.B.) 
Gray blandus 
x 3 13.00 41 15.46 + 0.32 
buff oreas (S.L.) ; 
Gray blandus | 
x 27 16.74 + 0.39 44 18.41 + 0.33 
buff nebrascensis 
Gray blandus 
x 1 19.00 37 19.03 + 0.36 
buff gracilis 
. Gray blandus 
x 5 15.40 12 18.17 + 0.45 
buff nwbiterrae 
Gray blandus 
x 8 eNO ry Went Pee aire teers 
gray nubiterrae 


resemble gray blandus of corresponding shades of pelage. The blandus gray 
is darkened by the cross to the relatively dark races of deer-mice, just as it 
can be darkened by crossing a pale with a dark gray blandus. The cross 
with oreas, which, in shade of pelage, is the darkest of the races studied, pro- 
duces the darkest shade of grays (Table III). The grays in the backcross 
generation of the crosses are paler than those of the F. generation. The 
minor modifiers of the intensity of shade are presumably reduced in number 
by the backcross to gray blandus. The genes that modify the shade of gray 
in these other races, since their effects are similar, are possibly the same 
genes that modify the shade of gray in blandus populations. 
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Gray segregants in crosses between gray blandus and mice of the sub- 
species nubiterrae are usually more brown in appearance than are gray 
blandus mice. One gray segregant in a cross between oreas and gray 
blandus was of this type. This brown effect apparently results from the 
effects of one or more other color genes. The mode of inheritance of these 
other genes and their relations to previously described color genes of the 
deer-mouse have yet to be determined. The brown effect here is not pro- 
duced. by the previously described (Blair, 1947a) gene—brown-tipped. <A 
“‘chocolate’’ buff was observed in some of the segregants in crosses between 
nubiterrae and blandus and between oreas and blandus. This ‘‘chocolate’’ 
buff is presumably caused by the same gene or genes that produce the brown- 
ish gray observed in those races. Some individuals in eight of the eighteen 
subspecies represented by field-caught samples are of the brownish gray 
type. Some of the field-caught buffs, likewise, are ‘‘chocolate’’ buff in 
appearance. It is evident, therefore, that the gene or genes for this brown 
character are widely distributed in deer-mouse populations. 


SUMMARY AND CONCLUSIONS 


This report deals principally with the distribution of the buff and the 
eray pelage color alleles (G,g) in populations of the deer-mouse (Pero- 
myscus maniculatus). Representatives of four subspecies, nebrascensis, 
gracilis, nubiterrae, and oreas, were crossed with gray blandus. The buff 
of these other races is dominant over the blandus gray. The appearance of 
the buff hybrids of these crosses and the lack of evident segregation in crosses 
between buff blandus and buff nebrascensis and gracilis indicate that the 
same major gene for buff probably is present in all of the races of manicu- 
latus. 

Buff segregants in the crosses between blandus and the other races are 
extremely variable in shade and in the intensity of yellow-orange pigment 
in the agouti band of the hairs. This extreme variability of the buffs pre- 
sumably results from the action of numerous minor modifying genes. Some 
of the buffs appear to be ‘‘chocolate’’ buff, presumably from the effects of 
other color genes. Gray segregants are less variable than the buffs, but some 
of the grays are more brown in appearance than is gray blandus. The 
brownishness of some individuals of both the buffs and grays presumably 
is caused by the same, as yet undetermined, gene or genes. 

All field-caught specimens of deer-mice in the collection of the Labora- 
tory of Vertebrate Biology were examined, and an attempt was made to 
classify each specimen as buff or gray. Of the 2467 specimens examined, 
2089 are classified as buff, and 117 as possibly buff. A total of 177, of which 
158 are from the Tularosa Basin, New Mexico, are classified as blandus-type 
eray. Seventy-five specimens are more brown in appearance than is gray 
blandus. These probably are grays modified by other genes. 

This preliminary survey of the genetic basis for color variation in the 
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deer-mouse serves principally. to suggest possible future lines of attack on 
the problem of color differentiation in this species. The buff and gray 
genes, originally studied in blandus from New Mexico, are indicatedto have 
wide distribution in the species maniculatus. No other members of this 
allelic series have yet been discovered. Most deer-mice are buff except in 
the Southwestern deserts, where high frequencies of the gray gene occur in 
some local populations (Blair, 1947b). The frequencies of the buff and 
eray genes now can be determined in other populations of the species by test 
matings between representatives of the wild populations and established 
laboratory strains of the blandus color types. 

The color differentiation of the dark forest races of the Pacific Northwest 
and the Eastern forest and of the dark prairie race, bawrdu, appears to be 
due in part to the effects of a gene or genes giving a brown tone to the pelage. 
The mode of inheritance of this character has yet to be determined. 

A rich clear buff pelage character predominates in the sandhills of Ne- 
braska. This character has been shown to be a single unit dominant over 
the dark pelage of such races as bairdu and rubidus. These alleles seem 
to be different from the other reported color genes of the deer-mouse, and 
they need further investigation and description. 


LITERATURE CITED 
Buairn, W, FRANK 
1947a An analysis of certain genetic variations in pelage color of the Chihuahua 
deer-mouse (Peromyscus maniculatus blandus). Contrib. Lab. Vert. Biol., 
Univ. Mich., 35: 1-18, 1 fig. 
1947b Estimated frequencies of the buff and gray genes (G,g) in adjacent popula- 
tions of deer-mice (Peromyscus maniculatus blandus) living on soils of 
different colors. Ibid., 36: 1-16, 1 map. 
CLARK, FRANK H. 
1938 Inheritance and linkage relations of mutant characters in the deer-mouse, 
Peromyscus maniculatus. Contrib. Lab. Vert. Gen. Univ. Mich., 7: 1-11. 
Dice, Lre R. 
1933 The inheritance of dichromatism in the deer-mouse, Peromyscus maniculatus 
blandus. Amer. Nat., 67: 571-74. 
1940 ecologic and genetic variability within species of Peromyscus. Ibid., 74: 
212-21. 
SUMNER, F. B. 
1932 Genetic, distributional, and evolutionary studies of the subspecies of deer- 
mice (Peromyscus). Biblio. Genetica, 9: 1-106, 24 figs. 


Department of Zoology, University of Texas, 
Austin, Texas 


CONTRIBUTIONS FROM THE LABORATORY OF 
VERTEBRATE BIOLOGY 


UNIVERsITy or Micuican, ANN ARBor, MICHIGAN 


NUMBER 39 Marcu, 1948 


CELLULAR ANTIGENS IN THREE STOCKS OF PEROMYSCUS 
MANICULATUS FROM THE COLUMBIA RIVER VALLEY 


By Paun A. Moopy 


Accepted for publication, October 30, 1946 


CONTENTS 
SLUG CCL OLS ASRS serie ie ee Ree EL. A ae A oc 1 
PRCEROWIOG PINENES eek dha laltafiencomandinmntabiietilataunen oh Cee ee oy es cane 2 
EEOC ETI CES GNSS Sent RR de Oe 2 
Stocks.of Deer-mice Included in the Study: o...hccctscascatsntuntnesmnanentneendacheteedesenntienssad 2 
EXGOUTSIERUNIEY Sa cect fe aoe INR ete oe Ie oe ee eR ze 
Absorption of AMtis@rUM «.ccccsccesssnseasatniciens 4 
Tests with the Absorbed Antiserum 4 
Absorbed. Reag evita ccceccccencnsaitaccatcteeces 5 
TVOSTETTICE once Saaeny PaaS, eater ce AMS ng aa eae Capt ree OO ann RR : 5 
MIVA CHESS OM ae reser sche cee svete ro cence snc icra seater a? : é 9 
Summary and Conclusions ....cccsesscsseceeenseeeten 14 
TBAHBNaR ARTES COPE EI See oxen cect ameter eer coca ee ee OR reo ree 15 


INTRODUCTION 


Ons stock of Peromyscus maniculatus from the north side of the Columbia 
River and two stocks from the south side of the river were investigated (1) 
to determine the occurrence and nature of intraspecific differences in the 
red blood cell antigens, and (2) to test the utility of the red cell agglutina- 
tion reaction as an auxiliary to morphological investigations of the inter- 
relationships of microgeographic races. 

Antigenic differences between species within the genus Peromyscus have 
been demonstrated. Moody (1941) found such differences between the cells 
of P. leucopus and those of P. maniculatus. Cotterman (1944) employed 
normal human group A sera to differentiate a series of species of Peromyscus 
into two groups: one group, which included maniculatus, possessing an 
antigen similar to the human isoagglutinogen B, the other group lacking this 
antigen. Absorption of the sera with P. polionotus cells removed all anti- 
bodies capable of reacting with the latter but left agglutinins for cells of the 
closely related species maniculatus and of F, maniculatus x polionotus 
hybrids. Absorption of the sera with maniculatus cells removed agglutinins 
_ for cells of both species and of the hybrids. These results indicate antigenic 
differences between species of sufficiently close relationship so that ready 
hybridization occurs. 
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Similar tests of antigenic differences at the subspecifie and infra-subspe- 
cific levels in Peromyscus appear not to have been made. Employing strains 
of laboratory mice (presumably varieties of Mus musculus) Gorer (1936a) 
distinguished with human group A sera two antigenic types and demon- 
strated that the difference depended upon a single gene. The same author 
(19360 ; 1937) explored the antigenic constitution of three inbred strains of 
laboratory mice, employing immune sera much after the manner of the 
present investigation. He identified four antigenic factors variably distrib- 
uted among the strains of mice investigated (vide infra). 
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MATERIALS AND METHODS 
Stocks of Deer-Mice Included in the Study 


The ancestors of three of the stocks employed were collected by Lee R. 
Dice during the summer of 1940. The stocks will be designated by the 
name of the locality from which each came. The three stocks from the 
Columbia River Valley originated, respectively, near the cities of The Dalles, 
Oregon, Hood River, Oregon, and Bingen, Washington. It will be noted 
from Map 1 that these localities are rather closely grouped geographically. 
Bingen and Hood River are almost directly across the river from each other ; 
The Dalles is some twenty miles east of and on the same side of the Columbia 
River as is Hood River. Interest attaches to the question of whether or not 
the Columbia River here may form a barrier to the dispersal of deer-mice. 

Dice (personal communication) has tentatively identified the Dalles and 
Bingen stocks as P. maniculatus gambeli. The Hood River stock is some- 
what intermediate between gambeli and rubidus, but the larger number of 
characters points toward the latter subspecies rather than the former. 

The Oyster Bay stock was collected in 1940 by Harold J. Leraas at a 
locality ten miles west of Olympia, Washington, on Oyster Bay. This stock 
is referred tentatively to P. maniculatus austerus. 

Most of the mice utilized in the investigation were second and third gen- 
eration descendants of the wild-caught animals. Although the stocks were 
not deliberately inbred, they were composed of the descendents of a relatively 
small number of individuals. Thus, it was not possible to be sure that each 


stock represented a truly random sample of the genotypes prevalent in the 
locality from which the stock was derived. 
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Map 1. Western Washington and adjacent parts of Oregon, with localities from 
which the stocks of deer-mice originated. 
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Antiserum 


The antiserum utilized was produced by inoculation of a rabbit with a 
30 per cent suspension of pooled blood cells from mice of the Dalles stock. 
A total of 16.45 ml. of the cell suspension was inoculated intravenously in 
three six-day series. Blood was collected by cardiac puncture on the twelfth 
day following the last injection. The blood was defibrinated, and the serum 
was stored in sealed ampoules in the refrigerator. Technique was described 
by Moody (1941). . svi 

Absorption of Antiserum 

Cells were collected from the mice by cardiac puncture, citrated, and 
washed three times with sterile 0.9 per cent buffered sodium chloride solu- 
tion (ef. Moody, 1941). The blood from several mice was pooled, the num- 
ber depending in part upon the quantity of antiserum to be absorbed. 

The antiserum was diluted 1:100. Ten parts of diluted antiserum were 
usually added to one part of packed cells, although in final absorptions a 
proportion of 5:1 was frequently employed. Incubation was usually at 
room temperature for one or two hours, with frequent agitation. Occa- 
sionally, incubation at 37.5° C. for one hour was employed, though with no 
apparent difference in effect. At least two successive absorptions were re- 
quired to remove completely antibodies capable of agglutinating a given 
type of cell. 

Tests with the Absorbed Antiserum 


Cells were collected as previously described and washed twice. They 
were used the day collected or the day following, being kept in the refrigera- 
tor meanwhile, to ensure against loss of sensitivity. 

Tests were performed in 7 mm. test tubes using a modification of the 
method described by Boyd (1943: 360). Into each tube was pipetted 0.05 
ml. of absorbed antiserum. To this was added a tiny loopful (a loop of 
No. 23 gauge Chromel wire made as small as possible without closing the 
opening) of the packed cells. Each tube was accompanied by a control 
containing 0.05 ml. of the physiological saline solution and a loopful of 
packed cells. The tubes were shaken, incubated for five minutes at room 
temperature with frequent additional shaking, and centrifuged for three 
minutes at approximately 2000 r.p.m. 

The tests were read immediately. Macroscopie agglutination was ob- 
served by shaking the tubes gently until the cells in the control tubes became 
uniformly suspended. If cells in a test tube remained in a consolidated 
pellet the symbol ‘‘+4++’? was recorded; coarse flocculation was designated 
“+++,’”? fine flocculation visible to the unaided eye, ‘‘++.’? Final readings 
were made with a binocular dissecting microscope employing 9 x oculars and 
3.4 x objective. The stage was lighted from below with a substage micro- 
scope lamp. The tube to be read was placed on the stage in a holder which 
held the tube in a nearly horizontal position above a slit through which the 
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light shone. Before being placed in the holder the tube was tilted so that 
the contents flowed toward the open end. The cells were viewed as they 
flowed back toward the closed end, the tube being in position in the~holder 
above the lighted slit. Experience demonstrated that traces of agelutina- 
tion could not be detected with certainty unless the cells were moving. If 
under the conditions described the agglutination had a granular appear- 
ance the symbol ‘‘+’’ was recorded. If the clumps were smaller and fewer 
the symbol ‘‘-t’’ was used. In each ease the tube containing antiserum was 
compared with the corresponding control tube. Traces of clotting some- 
times simulated agglutination; error in this regard was avoided by observa- 
tion of the control tube. 

Apparently nature abhors an ‘‘endpoint.’’? Reactions approach zero 
asymptotically. Agelutinatioris designated as oe or ‘‘+’’ were definite 
and undoubted reactions, but between ‘‘-+’’ and ‘‘—’’ a finely graded series 
of intermediate traces of Sec i lar was eee. Despite my best 
efforts at objectivity, subjective errors in reading the’ tests undoubtedly 
occurred. In the interpretation of results faint traces of reaction were 
recorded as negative; only reactions of at least sufficient magnitude to be 
designated ‘‘--’’ were considered positive. Decision to adopt this criterion 
was influenced in part by the fact that at times faint traces of agglutination 
for the cells of a given individual remained even after such cells had been 
used twice in absorption of the antiserum. Apparently, absorption with 
pooled cells may not in every case remove all antibodies capable of reacting 
with the cells of every individual contributing to the pool. It seems, how- 
ever, that this source of error, inherent in the use of pooled cells, was not 
significant in the present instance. 


Absorbed Reagents 


The diluted antiserum was first absorbed with cells of the Oyster Bay 
stock (P. m. austerus) to remove all antibodies for antigens shared in com- 
mon by all members of the species Peromyscus maniculatus. Two succes- 
sive absorptions, one incubated at room temperature the other at 37.5° C., 
were employed. In the first absorption macroscopic agglutination was im- 
mediate and heavy, seemingly involving the greater proportion of antibody 
content of the antiserum (Fig. 1). 

Following absorption with cells of the Oyster Bay stock each reagent 
received subsequent additional absorption as described below. 


RESULTS 


Reagent I. This reagent was prepared by absorbing diluted antiserum 
with cells from the Oyster Bay stock, as described above, and then with cells 
from selected individuals of the Dalles stock. Cells of the individuals 
selected had been found in preliminary tests to be genni but submaxi- 
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mally agglutinated by a sample of the antiserum absorbed with Oyster Bay 
cells and partly absorbed with Dalles cells. 

Absorption of reagent I was continued until all antibodies capable of 
reacting with cells of all surviving Dalles individuals had been removed. 
Four successive absorptions were necessary. The reagent then contained 
antibodies capable of agglutinating cells of eight of twenty-nine Bingen 
mice tested, and of six of thirty-three Hood River mice tested (Table I). 
The antigenic component with which the residual antibodies in reagent I 
reacted is designated BHy. 

Reagent II. After preliminary absorption with cells of Oyster Bay 
mice, this sample of diluted antiserum was absorbed with Bingen cells which 
had been found in preliminary tests to be definitely but submaximally agglu- 
tinated by a sample of the antiserum absorbed with Oyster Bay cells and 
partly absorbed with Bingen cells. In later absorptions of reagent II cells 
which gave stronger reactions in the preliminary tests were used. Five 
successive absorptions removed all antibodies capable of reacting with cells 
of any surviving members of the Bingen stock. 

The reagent then contained antibodies capable of agglutinating cells of 
ten of nineteen Dalles mice tested, and of five of nineteen Hood River mice 
tested (Table I). The antigenic component with which the residual anti- 
bodies in reagent IT reacted is designated DH;. 

Rescent III. After preliminary absorption with Oyster Bay cells, this 
sample of antiserum was absorbed with Dalles cells found to contain DH, 
by tests with reagent II. Three absorptions removed all antibodies capable 
of agglutinating these cells. 

The reagent was then found to contain antibodies capable of agglutinat- 
ing cells of but two of the nineteen Dalles mice tested, and with the cells of 
these two the reaction was weak.. The reagent agglutinated cells of twenty- 
one of twenty-five Bingen mice tested and of fourteen of seventeen Hood. 
River mice tested (Table I). The antigenic component which reacted with 
reagent IIT is designated BH,. 

The tests indicate (Table I) that BH, is more widely distributed than is 
BH,. BH, is present in many individuals which lack BH, but the converse 
never occurs, which seems to indicate some relationship between the two (see 
Discussion). 

As far as the tests indicate, BH, is not present in any Dalles cells, 
whereas BH; is present in some of these cells. Evidence for this point is 
derived from two sources : by inference, since the Dalles cells used in absorb- 
ing reagent I removed BH,, leaving BH, ; from the observation that the cells 
of two Dalles individuals were agglutinated, though weakly, by reagent III. 

Reagent IV. After the preliminary absorption, this reagent was ab- 
sorbed with Bingen cells found to contain BH, by tests with reagent I; all 
of them subsequently tested with reagent III contained BH, as well. Three 


TABLE I 
Resuuts or Testing CELLS oF INDIVIDUAL Mice IN EACH OF THE THREE Stocks, UsING THE SEVEN REAGENTS 


See page 5 for explanation of symbols. Blanks in any column indicate that cells of the corresponding individuals were not tested with the 
reagent designed at the head of that column, 


Reagents ~ 


Reagents 
I II Iii IV V VI VII I 10 III IV V lvl VIL 
Antigens | BH, DH, BH, DH, BD, 1OUSE, BD, pee: BH: DH, BH, | DH, BD, DH, | BD, 
Mice Mice | | 
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1144 - as — Sete + + 1370 ~ - + - 
1146 - - + ooo + + _ 1373 - a _ = ate = 
1183 - - - + 1374 - - - - + = - 
1394 - + = + 1470 - - + > + = 
1395 - - = t+ ++ - 1471 +H = + a 
1396 - - - + + + 1472 - - ++ + 3e = a 
1397 = = = + a7 + + 1475 - = + a + = = 
1399 - + _ 1476 ~ - - + 
1441 = + = ++ ae + - 1477 —- - + + + = + 
1442 = 4 = to qe = a Hood ; 
1443 = + = 4+ 4P + = River 
1485 - = ae + ++ + - 1153 q = 
1486 = + = ++ 1154 q a 
1487 - - - + + + ua layy/ - = + + = == = 
1488 - + = +H ++ ++ + 1158 - - ae + — = c 
1489 - ~ = - ++ _ - 1184 - - + + os oe = 
1490 = ae = +++ +H+ + 1185 - + a +H = = 
1506 + _ 1186 = = + a = fe 
1508 + 1187 - = + + 
1509 : - 1272 = = 4° ak aa - 
7033 - - = ae cin ae 1273 - - a +H+ = = 
58164 - + = ame + a5 + 1275 + = a2 “F + re = 
Bingen 1276 3 = a 
868 as = + oe + = + 1277 + + ae CPt + tf 
1134 - - + ++ + - - 1278 q = 
1136 Zs S ate ue 1279 + + + + oF a = 
1309 aE = + = 44+ - 1280 - - +! at: = ze = 
1310 + 1401 g re 
W312 - - + + + - + 1402 - = + ai e + 
1314, - 1403 ? - = = 
1316 ae ean 1404 g a 
1318 2 - 35 = + - - 1405 + = 
1319 = me St _ ao - _- 1406 = + ap Sale ~ ate 
1320 = = & te + - 1407 or — a ae =f = 
1321 + - + - 1431 ' a 
1322 <S = + + _- —— 1432 q a 
1325 - = + + a - 1433 q + om = 
1326 + - - 1435 oy > 
1363 ++ a 1436 = ae 
1366 z = ; + + = “ ag ' 2 
1367 ~ - + es + i 
1368 £: pe 4 a de =_ + 7628 q aa 
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absorptions removed all antibodies capable of agglutinating the absorbing 
cells. 

The reagent agglutinated cells of seventeen of twenty-six members of the 
Bingen stock tested, of all fifteen Hood River mice tested, and of seventeen 
of eighteen Dalles mice tested. This antigenic component is designated DH,. 

DH, is more widely distributed than is DH, (Table T) ; it is present in 
most members of the Bingen stock, all of which lack DH, and in a larger 
percentage of the members of the other two stocks than is DH.. No indi- 
viduals were found to possess DH, but not DH,, although the converse 
occurred in many instances. This fact suggests a relationship between the 
two components which parallels the relationship between BH, and BHb. 

That the DH components are separate from the BH components is demon- 
strated by the facts (1) that no Dalles cells contained BH., whereas most of 
them contained DH», (2) that cells of but two Dalles mice tested contained 
BH, whereas cells of all but one of them contained DH,, (3) that in tests 
of the other two stocks there seemed to be no regular relationship between the 
presence or absence of either of the DH components and the presence or 
absence of either of the BH components. 

There is some evidence of cumulative action of DH, and DH,. In many 
instances (Table I) macroscopic agglutination occurred with cells which 
contained both, although there were exceptions. Conversely, in most in- 
stances in which cells contained DH, but not DH, microscopic agglutina- 
tion alone resulted ; again, there were exceptions. 

Reacent V. After preliminary absorption, this reagent was absorbed 
with Hood River cells which contained BH, and DH, but lacked BH, and 
DH.. Two successive absorptions removed all antibodies capable of agelu- 
tinating these cells. 

The reagent retained antibodies capable of agglutinating the cells of 
four of fourteen Hood River individuals tested, of all fifteen of the Dalles 
mice tested, and of eighteen of twenty Bingen mice tested (Table I). Ap- 
parently, the reaction was not due, primarily at least, to the presence of 
antibodies for BH, and DH,. Cells of Hood River mice Nos. 1185 and 1406 
were not agglutinated by reagent V, although tests with reagent II had 
shown that they contained DH,. All Dalles cells had been found to lack 
BH,, yet all were agglutinated by reagent V. All Bingen cells lacked DH, 
and most of them lacked BHz2, yet cells of all but two Bingen mice were 
agglutinated by reagent V. Finally, it is noteworthy that the cells of one 
Dalles individual (No. 1489) and of two Bingen individuals (Nos. 1873 and 
1374) which contained none of the antigenic components previously identi- 
fied were agglutinated, two of them strongly, by reagent V. 

Evidently, therefore, reagent V contained antibodies against a component 
not previously isolated. This component is designated BD,. Presumably, 
antibodies for BD, had been removed by all previous absorptions. This 
supposition is supported by the fact that the cells of all Dalles and Bingen 
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individuals contributing to previous absorptions and extant for testing with 
reagent V were agglutinated by the latter. 

REAGENT VI. After preliminary absorption, this reagent was absorbed 
with Bingen cells which contained BH, and DH,, but lacked BH, and DHb. 
Three successive absorptions removed all antibodies capable of agglutinating 
these cells. 

Reagent VI retained no antibodies capable of agglutinating cells of any 
of the Bingen mice tested. It agglutinated the cells of twelve of fourteen 
Dalles mice tested, and of five of fourteen Hood River mice tested (Table I). 
Reagent VI resembled reagent II in that all agglutinins for Bingen cells 
were removed; there seemed to be no correlation, however, between the 
reactions of the two reagents with cells of the other two stocks. Thus, the 
reaction produced by reagent VI was not dependent upon DH,. Further 
evidence that agglutination could not have been due to DH, in some in- 
stances and BH, in others is afforded by the fact that the cells of one Hood 
River mouse and of six Dalles mice which contained neither component were 
agglutinated by reagent VI. Cells of Dalles No. 1442 and of Hood River 
No. 1185 possessed DH., but were not agglutinated by reagent VI. Simi- 
larly, cells of Bingen No. 1809 and of Hood River No. 1407 possessed BHo, 
but were not agglutinated by reagent VI. 

That the reaction of reagent VI could not have depended upon residual 
DH, was shown by the fact that cells of many of the Hood River mice which 
possessed DH, were not agglutinated by this reagent. Similarly, reaction 
did not depend upon residual BH,, since many of the Dalles cells agglu- 
tinated by reagent VI lacked BH,, and cells of several Hood River mice 
possessing BH, were not agglutinated by reagent VI. All but two of the 
individuals contributing cells for the absorption of reagent VI possessed 
component BD,, hence antibodies for the latter must have been removed. 
Tests with reagent VI seemed to reveal no correlation with the results of 
tests with reagent V. 

It seems evident, therefore, that the reaction of reagent VI depends upon 
an antigenic component not isolated in previous absorptions; this com- 
ponent is designated DH;. As noted previously, no cells contained DH, 
which did not also contain DH,. Similarly, no cells contained DH; which 
did not also contain DH,, although many contained the latter without the 
former. These facts seem to indicate association between the three com- 
ponents which have been designated with ‘“DH.’’ Some cells contain DH; 
alone ; some contain DH, and DH: ; some contain DH, and DH; ; some con- 
tain all three. 

Recent VII. After preliminary absorption, this reagent was absorbed 
with cells from the Hood River stock in an attempt to remove all antibodies 
capable of agglutinating cells of this stock. Three successive absorptions © 
removed all agglutinins for cells of extant mice in the stock. 

Reagent VII contained antibodies which agglutinated cells of six of four- 


CELLULAR ANTIGENS IN STOCKS OF PEROMYSCUS 9 


teen Dalles mice tested, and of six of twelve Bingen mice tested (Table I). 
It was hoped that the absorption would remove antibodies for all antigenic 
components previously identified. Attaimment of this goal was rendered 
difficult by the small number of animals remaining available, but one at 
least of the mice contributing to the absorption of this reagent (No. 1279) 
had been shown to possess all six of the components previously isolated. 
Although the tests are few and, consequently, not as conclusive as might 
. be desired, it does not seem possible to ascribe the agglutination produced 
by reagent VII to any of the components identified previously ; the antigenic 
component involved is therefore designated BD). 

It will be noted that some cells contained BD, but not. BD,; the latter 
was never shown to occur without the former. Thus, it seems that there 
exists the same relationship between BD, and BD, as exists between BH, 
and BH2, DH, and DH), or DH, and DH. 


DISCUSSION 

By use of parts of antiserum absorbed in seven different ways, seven 
different antigenic factors or components have been isolated. There is no 
evidence that the entire number present in erythrocytes of these stocks has 
been discovered or that the components which have been isolated have been 
resolved into their smallest constituent units. | 

The practical necessity of employing pooled cells for absorption renders 
difficult if not impossible the isolation of ultimate antigenic units dependent 
upon single genes after the manner of the human haemagglutinogens, the 
antigenic factors isolated in doves and pigeons by Irwin and coworkers 
(1936 ; 1939; 1940; 1943), or those identified in cattle by Ferguson (1941) 
and Ferguson, Stormont, and Irwin (1942). Gorer (1936); 1937) miti- 
gated the disadvantage imposed by use of pooled cells by employing stocks 
of mice which had been inbred, brother to sister, for over twenty generations. 
In consequence his stocks approached homozygosity, although the trans- 
plantation experiments of Loeb (1945: Chap. 9) suggest that prolonged in- 
breeding of mice does not result in as close an approach, to identity of ‘‘in- 
dividuality differential’? as had sometimes been supposed. Nevertheless, 
the stocks employed by Gorer must have been much more uniform in anti- 
genic structure than were the stocks used in the present investigation. Even 
approximate homozygosity can hardly be expected in any investigation 
upon mammals obtained from natural habitats or upon the immediate de- 
scendants of such animals. 

Despite the handicaps imposed by the nature of the material, however, 
antigenic components in these stocks of deer-mice have been discovered, and 
some progress has been made toward analysis of their inter-relationships. 
The seven components occur in three groups or complexes. The ‘‘BH com- 
plex’’ (BH, and BH:;) comprises antigenic factors possessed in common 
by many Bingen and Hood River mice, but possessed by few, in the case 
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of BH, or no, in the case of BH, Dalles mice. Similarly, the ‘‘DH com- 
plex’? (DH,, DH2, DHs) consists of components possessed in common by 
many Dalles and Hood River mice; DH, is also present in cells of a con- 
siderable proportion of Bingen mice, whereas DH, and DH; are absent from 
the latter. In like manner, the ‘‘BD complex’’ (BD, and BD.) is com- 
posed of antigens shared by cells of many Bingen and Dalles mice; BD, is 
also present in cells of about one-fourth of the Hood River mice, and BD, 
is lacking in the latter stock. 

A schematic representation of these complexes and components is given 
in Figure 1. The entire square represents the total antigen content of a 
red blood cell. The greater proportion of this content, represented by the 
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Fig. 1. Schematic representation of the relationships of the antigenic factors iden- 
tified in the present study. 


lower two-thirds of the square, is shared in common by all mice of the species 
Peromyscus maniculatus; in this investigation the corresponding antibodies 
were removed by the preliminary absorption with the cells of the Oyster Bay 
stock. The three squares into which the upper third of the diagram is 
divided represent the three ‘‘complexes’’ described above; the subdivision 
of each into its constituent antigens is indicated. The cells of no one mouse 
contained all components included in the diagram. 

That these three ‘‘complexes”’ are real entities is suggested by a number 
of facts. In each one the antigens designated with the subscripts ‘‘2’’ and 
“*3”’ were not found to occur in cells which did not have also the corre- 
sponding antigen designated with the subscript ‘‘1.’? The converse oc- 
curred frequently, however, as noted previously. The basic relationship 
of the component designated as ‘‘1”’ is also suggested by the results of the 
absorption of reagents V and VI. In each instance the attempt was made 
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to remove agglutinins for BH, and DH,, leaving antibodies for BH, and 
DH». The results seemed to indicate that antibodies for the latter were 
also removed, despite the fact that previous tests had failed to demonstrate 
the presence of BH, and DH, in cells of the kind used for absorption. 
Apparently, massive absorption with cells containing BH, (or DH,) will 
remove not only antibodies for the latter but also antibodies for BH, (or 
DH, respectively). The amount of BH, in Dalles cells used to absorb 
reagent I was apparently too small to remove all antibodies for BH). 

The nature of the relationship between the several components compris- 
ing one ‘‘complex’’ cannot be determined from the present investigation. 
Similarity of chemical structure would seem to offer the most reasonable 
explanation. There is much evidence that antibodies react not only with 
the antigen which elicited their formation but also with antigens of similar 
chemical structure (cf. Landsteiner, 1945: 54). According to this view 
DH, would be sufficiently similar to DH, so that antibodies for the latter 
could be removed by massive absorption with the former. Somewhat com- 
parable situations are apparently presented by absorption of agglutinin ay 
from human sera of groups O or B by cells of group A which lack agelu- 
tinogen A, (Landsteiner and Witt, 1926), and by absorption of agglutinins 
for the factor N by human cells which are negative in the agglutination test 
for that factor (Landsteiner and Levine, 1928). 

Of interest in this connection is the fact that although the antiserum 
was produced by inoculation of a rabbit with cells from Dalles mice, agglu- 
tinins were formed which were not completely absorbed by the cells of 
Dalles mice. As remarked by Boyd and Warshaver (1945) : ‘‘It is certainly 
seldom that the observation is made that an antigen will not absorb out 
all the antibodies which it causes an animal to produce.’’ Yet, in the pres- 
ent instance, the antiserum contained antibodies for a component (BH.) 
seemingly not in the homologous (Dalles) cells, as well as for a component 
(BH,) which was of apparently rare occurrence in them. Boyd and 
Warshaver (1945) reported four cases in which injection into rabbits of 
group B human erythrocytes resulted in the production of anti-A as well 
as of anti-B antibodies. They regarded the result as confirming the idea 
that the A and B antigens may be chemically similar. Their observations 
and mine accord well with the conception of Landsteiner (1945: 114 and 
270-71), based upon experiments with immune sera for azoproteins and for 
ovalbumin (Landsteiner and van der Scheer, 1940), that the formation of 
several antibodies may be elicited in response to a single determinant group, 
that antibodies so formed ‘‘vary to some extent around a main pattern, and 
that what is ordinarily spoken of as an antibody is generally a mixture of 
specifically different components.’’ Similar views have been expressed by 
other writers. 

Since most of the mice which furnished cells for immunization of the 
_ rabbit did not survive for subsequent testing, there is some slight possibility 
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that some of them possessed antigenic components not found in the Dalles 
mice which were tested. In view of the results of others this seems a less 
probable explanation for the occurrence of antibodies not completely ab- 
sorbed by homologous cells than does the hypothesis given in the preceding 
paragraph. 

Great individual variation occurred in the reaction of cells with the 
seven reagents (Table 1). The cells of two individuals (Hood River Nos. 
1277 and 1279) were agglutinated by six of the reagents. At the other 
extreme were individuals the cells of which were agglutinated by but one 
of the seven reagents. A variety of intermediate conditions existed. It is 
of interest that the two extremes wero within a single stock (Hood River). 
This observation is in accord with the findings concerning agglutinogens in 
other animals (e.g., A and B in man) that differences between individuals 
within one race may be as great as differences between individuals belonging 
to different races. 

Although the material of the present investigation does not lend itself 
to genetic analysis, some evidences of inheritance of antigenic components 
were found. Hood River mice Nos. 1277 and 1279, the only individuals 
that possessed six of the seven components, were sibs, another sibling being 
No. 1275, which possessed five components. At the other extreme was a 
litter mate, No. 1280, which possessed but two components. Nos. 1406 and 
1407, offspring of the same parents as these others, possessed four compo- 
nents, variously assorted, the differences between the two individuals (Table 
I) suggesting the heterozygosity of the parents. Four of the five Hood 
River mice found to possess DH; were in this one family, as were all the 
Hood River mice that possessed BD,. Somewhat similar family groupings 
occurred in the other stocks, but the present findings can serve merely to 
suggest interesting possibilities if future serological investigations on Pero- 
myscus are planned to make genetic analysis possible. 

Figure 2 presents ‘‘profiles’’ of the three stocks in terms of the per- 
centages of individuals in each stock which possessed each of the seven 
agelutinogens. The percentages are of relative and approximate significance 
merely, since, as mentioned previously, there is no assurance that each stock 
presents a truly random sample of the population from which it was derived. 
Some essential points of difference between the stocks are emphasized by the 
“‘profiles.’’? Hach stock is characterized by possession in many individuals 
of two antigenic complexes, each shared largely with one of the other stocks 
and slightly, if at all, with the third one. Four of the components seem to 
be completely lacking from one or another of the stocks. Only one of the 
components (DH,) has really considerable representation in all three stocks, 
although a second (BD,) is present in a high percentage of the members of 
two stocks and in about 28 per cent of the third. 

Thus, it is not possible to state that one stock is characterized by the- 
presence in the cells of all individuals of an agglutinogen which is absent 
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from the cells of all individuals of other stocks. A negative characterization 
is possible due to the fact that each stock may be said to be characterized by 
the absence of one or more agelutinogens present in the others. But-on the 
whole the agglutinogens are shared by the stocks, each stock differing from 
the others in the proportion of the population possessing each of the anti- 
genic factors. Characterization of stocks becomes statistical, therefore, as 
in the characterization of human racial groups by means of agelutinogens A 
and B. 

In this respect the present findings agree with those of other similar in- 
vestigations. Thus, Gorer (1936); 1937), investigating inbred strains of 
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Fig. 2. Relative numbers of individuals in each of the three stocks that possessed 
each of the seven antigenic components. The ordinates are plotted in per cent of popu- 
lation exhibiting the components. 


agouti, albino, and black mice, isolated four antigenic factors. One of these 
was lacking from cells of the black strain; otherwise the four were present 
in all three strains, but the latter differed in the relative strength of the 
reaction by which the cells responded to antibodies for the respective factors. 
Landsteiner (1945: 117) investigated two species of ducks of such close rela- 
tionship that hybrids were completely fertile. Using rabbit immune sera 
‘he was able ‘‘to demonstrate an agglutinable factor which occurs more fre- 
quently in one species but does not permit the differentiation of every indi- 
vidual.’’ Owen, Stormont, and Irwin (1944) studied the differences in fre- 
quency between Guernsey and Holstein-Friesian cattle of thirty cellular 
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antigens. They reported that ‘‘no single antigen by itself distinguishes 
these two breeds. Rather, the breed differences in blood type are the result 
of quantitative differences in the frequencies of most of the antigens.”’ 

If the animals investigated are less closely related than were the ones 
used in the present investigation or those used in the studies cited imme- 
diately above, the overlapping in agglutinable substances is less marked and 
in consequence differentiation becomes more clear cut (cf. Landsteiner 1945: 
78). Thus,'Moody (1941) using absorbed antisera to identify individuals 
in two distinct species of Peromyscus found differentiation very definite. 
Apparently, most of the antigenic components of one species were not shared 
with the other. A few individuals gave evidence, however, of possessing a 
component shared with the other species, precisely in the manner in which 
the three closely related stocks of the present investigation possessed agglu- 
tinogens in common. 

SUMMARY AND CONCLUSIONS 


Antigenic constitution of the red blood cells of three stocks of deer-mice 
from the Columbia River Valley was investigated with absorbed reagents 
prepared from immune serum for the cells of one of the stocks. The three 
stocks were very similar in morphology, and this similarity extended to anti- 
genic structure. Most of the cell antigens were shared by all the mice ; when 
antibodies for these antigens had been removed from the antiserum, seven 
antigenic components of more limited distribution were identified (Table I 
and Fig.1). Although four of these components were lacking from the cells 
of one or another of the stocks, for the most part the components were shared 
by the stocks, but possessed by varying proportions of the population of each. 

Accordingly, characterization of the stocks must be mainly quantitative, 
rather than qualitative. The stocks resemble mosaics in which each of the 
constituent units varies independently in size, so that one pattern is never 
the duplicate of another. This mosaic pattern in distribution of antigens 
resembles the varying mosaics of morphological characters reported by Dice 
(1937 : 17-20; 1939a; 19396) to characterize local and geographical races. 
Thus, the average femur length of one local race may differ significantly 
from that of a neighboring local race. This difference may or may not be 
correlated with differences in other characters (e.g., length of mandible, 
length of ear, color of pelage). In like manner possession of an antigen in 
90 per cent of the population may characterize one local race, possession of 
it in 10 per cent of the population may characterize another local race. This 
difference may or may not be correlated with differences in distribution of 
other antigens or with differences in morphological characters. Accord- 
ingly, the usefulness of cell antigens in studies of distribution and speciation 
will depend upon the nature of the problem at hand. The advantages and 
limitations are much the same as those which accompany attempts to apply 
to anthropological problems data concerning human blood groups and types. 
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Since all evidence points to genetic determination of antigens, it would 
seem that cell antigens might offer a valuable means by which to trace gene 
interchange between neighboring populations of mammals as well_as the 
fluctuating distribution of genes throughout taxonomic and distributional 
groupings of higher order. A necessary preliminary to studies of this kind 
would be the isolation of antigenic units and determination of their genetic 
basis. From the results of investigations on other animals it would seem 
that isolation of antigens dependent upon single genes should be possible. 
For reasons discussed previously, pooling of blood from different individuals 
should be avoided if possible. If use of pooled cells proved a practical neces- 
sity, the raising of highly inbred strains as practiced by Gorer (1936b) would 
be essential. There would thus be made available requisite quantities of 
cells of uniform antigenic constitution for use in production of antisera and 
subsequent absorption of the latter. Sufficient quantities of uniform re- 
agents for the testing of cells of wild populations could thus be secured. 

The following observations are recorded and discussed: (1) individual 
differences in number of antigenic factors possessed were in some cases as 
ereat between members of the same stock as they were between members of 
different stocks; (2) under some circumstances absorption with cells con- 
taining one antigenic component removed antibodies for another one; (3) 
absorption with cells of the kind with which the rabbit producing the anti- 
serum had been immunized did not remove all antibodies from the antiserum. 

Two of the stocks (Dalles and Hood River) originated from the south side 
of the Columbia River; one (Bingen) came from the north side. A point of 
interest was whether or not the river in this region formed a barrier to the 
dispersal of deer-mice. The stocks were so similar in antigenic constitution 
that no evidence of separation by a barrier was afforded by the present in- 
vestigation. 
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INTRODUCTION 


LaABorATORY studies of variability in natural populations of mammals have 
been necessarily limited to the genus Peromyscus because most other kinds 
of small mammals tested have not bred satisfactorily in captivity. The dis- 
covery that the pygmy mouse (Baiomys taylort) is a satisfactory laboratory 
animal (Blair, 1941) has made possible the investigation of the variability 
of Baiomys populations by raising laboratory stocks of known age. The 
present report deals with variation in a stock of Bacomys taylori subater 
(Bailey) from Texas and in a stock of Baiomys taylori ater Blossom and 
Burt (1942) from Arizona. 
METHODS 


Field-caught stocks of pygmy mice were shipped alive to the Laboratory 
of Vertebrate Biology at the University of Michigan, where they became the 
parents of the laboratory-bred populations. The mice were raised under the 
standard conditions developed for Peromyscus (Dice, 1929). They were 
killed at an age of approximately four months and then were prepared as 
flat skins with partial skeletons. Body measurements of the freshly killed 
mice were made by the senior author. Standard skeletal measurements . 
(Dice, 1932) were made by several assistants. Color measurements were 
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made by the same assistants, using the Ives tint photometer. Because of the 
small size of these mice, color readings were made only on the dorsal stripe. 
The statistical calculations were made by D. M. Clarke, William Jalosky, 
and the senior author. All expenses of this project except the collecting 
of the stock of Baiomys taylori ater and the preparation of the manuscript 
were supported by the Laboratory of Vertebrate Biology. 


STOCKS OF MICE 


The origin of the two stocks studied is as follows: 

Baiomys taylori subater—La Belle. This stock descended from nine 
field-caught mice that were trapped by W. F. Blair on January 25 and 26, 
1940, about seven miles southeast of La Belle, J efferson County, Texas. The 
mice were trapped in a small area of dense tall grass (Andropogon sp.) sur- 
rounding a pond on a low moist coastal prairie. 

Baiomys taylori ater—Hereford. This stock originated from four males 
and two females that were trapped by P. M: Blossom on March 26 and 27, 
1941, about nine miles west of Hereford, Cochise County, Arizona. The 
mice were trapped along a roadside where tall grass and weeds formed a 
rather heavy ground cover. The mice were all obtained from a narrow strip 
of grass and weeds about 20 by 1300 feet, adjoming a fenced, pastured field. 
The elevation was 4800 feet. Field-killed specimens from the same general 
locality were used as the basis for describing the geographic race ater (Blos- 
som and Burt, 1942). 


SOIL COLORS 


The two stocks come from regions of contrasting trends in soil color. The 
subater mice were living on the dark brown soils of the eastern Texas coastal 
prairie. The surface soil in that region is relatively low in the reflectance 
of red, green, and blue-violet (Table I), hence is dark in shade. The soil 


TABLE I 


Coton or SuRFACE SoIL ON THE TEXAS COASTAL PRAIRIE, FIVE MILES SOUTHEAST OF LA 
BELLE, AND ON THE ARIZONA DESERT, SIx MILES WEST OF HEREFORD 
Means of Ten Tint Photometer Readings. 


Station Red Green Blue-Violet 
La Belle, Texas ...... 13.8 10.4 loll 
Hereford, Arizona... 25.6 18.6 14.7 


on which the ater mice were living is reddish in tone and is relatively darker 
than the other desert soils of the region. A sample of surface soil from six 
miles west of Hereford, however, is almost twice.as high in tint photometer 
readings (ie., paler) with all color screens than is the soil from the Texas 
coastal prairie. Therefore, the ater mice were living on soils that were paler 
than were the soils on which the subater mice lived. 
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INTERPOPULATION FERTILITY 


Two subater females were mated to ater males. One of these females 
bore three litters consisting of seven hybrid individuals. The other female 
bore two litters containing a total of five hybrid offspring. The two strains 
crossed readily, and the resultant litters were of normal size. One pair of 
F, hybrids was mated and produced a litter of three and a litter of one F, 
hybrids. Therefore, the two populations from about a thousand miles apart 
are interfertile to the extent of being able to produce fertile hybrids in inter- 
population crosses. 


VARIATION DUE TO SEX 


Female specimens of Batomys, like female specimens of Peromyscus, 
average generally larger than do males from the same populations. The 
subater females average significantly larger than do the males in body 
length, femur length, length of mandible, condylo-premaxillary length of 
skull, and condylo-zygomatic distance (Table II). There is no significant 
difference between the sexes in tail length, foot length, length of ear from 
notch, or bullar width of the skull. The ater females average significantly 
larger than do the males in femur length, condylo-premaxillary length of 
skull, and condylo-zygomatic distance. The females probably are also larger 
than the males in body length (P between 0.05 and 0.01). There is no sig- 
nificant difference between the sexes of ater in tail length, foot length, ear 
length, length of mandible, or bullar width of the skull. 

As there is no significant difference between males and females of either 


stock in pelage color, the sexes have been pooled for comparisons between the 
stocks. 


GEOGRAPHIC VARIATION IN DIMENSIONS OF BODY AND SKELETON 


The specimens of ater from Arizona average significantly larger in cer- 
tain body and skeletal measurements than do those of swbater from Texas 
(Table II). The ater males are larger than the subater males in body 
length, tail length, foot length, length of femur, and condylo-zygomatie dis- 
tance. The males of the two stocks do not significantly differ in length of 
mandible, condylo-premaxillary length of skull, or bullar width of skull. 

The female specimens of ater average significantly larger than the subater 
females in body length, tail length, foot length, and femur length. There is 
no significant difference between the females of the two stocks in length of 
mandible, condylo-premaxillary length of skull, condylo-zygomatic distance, 
or bullar width of skull. 


VARIATION IN PELAGE COLOR 
The ater mice from Arizona average very significantly higher in tint 


photometer readings (i.e., paler in pelage color) than do the subater mice 
from the Texas coastal prairie (Table III). The two stocks differ most in 
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TABLE III 


PELAGE Conor or Baiomys taylori subater FROM TEXAS AND OF Baiomys taylori ater 
; FROM ARIZONA 
Mean tint photometer readings, with standard errors. Males and females combined. 


\ Stocks | Red Green Blue- Violet 
ARG aS UO CLC Meee rae cane ts 4.11 +.08 2.89 + .07 2.26 + .07 
TEN RARE p 2 oO ee RP Nate PONE ey 6.37 + .12 4.48 + .10 3.41 + .10 


+2.26+ 14 +1.59 + 12 +1.15 + 12 


the readings for reflected red, for the difference is 2.26 + 0.14 tint pho- 
tometer units (Table III). They differ least in the readings for reflected 
blue-violet with a difference of 1.15 + 0.12 units. 

Pygmy mice (Baiomys taylori), as represented by these two stocks, are 
less variable locally in color than are many populations of the genus Pero- 
myscus. The ater stock, which is the more variable of the two in pelage 
color, has a standard deviation for reflected red of only 0.85 + 0.08 tint 
photometer units. By comparison seventeen of eighteen stocks of Peromys- 
cus maniculatus measured by Dice (1941) from the region of the Nebraska 
sandhills have significantly higher standard deviations for reflected red than 
does the stock of ater. The subater is less variable than is ater, with a 
standard deviation for reflected red of only 0.61 + 0.06. 


DISCUSSION 


The pygmy mouse (Baiomys taylori) shows the same trend toward corre- 
lation of pelage color with soil color as do mice of the genus Peromyscus. In 
the case of the two stocks studied the mice from the paler soil were slightly 
but very significantly paler than those from the darkest soil (Table IIT). 
The tendency for pygmy mice to be paler on pale soils than they are on dark 
soils presumably is attributable to natural selection. 

It is noteworthy that the tint photometer readings of the laboratory- 
reared mice show ater to be the paler of the two subspecies, although ater was 
described by Blossom and Burt (1942) as the darkest race of the species 
taylori. It should be mentioned in this connection that the type series of 
ater was not statistically evaluated for color, and these mice were of various 
ages of field-caught animals that were prepared in the field as round skins. 
This discrepancy between the tint photometer readings of the laboratory- 
reared mice and the description of ater suggest that accurate comparisons 
of the pelage color of different populations of mammals can be made only 
by colorimetric methods, using animals of known age and pelage. 

The differences between the two populations are of the same sort as have 
been reported between geographically distant populations of Peromyscus. 
The ater mice are significantly larger than the swbater mice of corresponding 
sex in body length, tail length, foot length, and leneth of femur. The ater 
males are also larger than suwbater males in condylo-zygomatie distance. 
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The pygmy mice show little local or geographic variability in pelage 
color. The standard deviation for reflected red is only 0.61 + 0.06 tint 
photometer units in the swbater mice and 0.85 + 0.08 units in the ater mice. 
The color differences between the two stocks, although highly significant sta- 
tistically, are of low magnitude. 

In tint photometer readings for reflected red the ater are only 2.26 + 0.14 
units higher (i.e., paler) than are the subater. With the green and blue- 
violet screens the differences are even less, although highly significant statis- 
tically (Table III). As indicated by these stocks the pygmy mouse (Batomys 
taylori) appears to have a low range of genetic variability in pelage color. 


SUMMARY 

Stocks of pygmy mice, Baiomys taylori subater from seven miles south- 
east of La Belle, Jefferson County, Texas, and Baitomys taylori ater from 
nine miles east of Hereford, Cochise County, Arizona, were bred in the lab- 
oratory and raised to an age of approximately four months to determine the 
variability in these mice. 

Cross matings between the two stocks indicated their interfertility. Both 
an F, and F, generation were obtained. 

The females in both stocks averaged significantly larger than the males 
in several body and skeletal measurements. The subater females exceeded 
the males in body length, femur length, length of mandible, condylo-pre- 
maxillary length of skull, and condylo-zygomatic distance. The ater females 
exceeded the males in femur length, condylo-premaxillary length of skull, 
condylo-zygomatic distance, and probably also in body length. There was 
no significant difference between sexes in pelage color. 

The ater mice were significantly larger than the subater in several meas- 
urements. The ater males exceeded subater males in body length, tail 
length, foot length, length of femur, and condylo-zygomatic distance. The 
ater females exceeded the subater. females in body length, tail length, foot 
length, and femur length. 

The ater mice from relatively pale soil were slightly but very signifi- 
cantly paler than the subater mice from relatively dark soil. The differences 
in tint photometer readings for the two stocks were 2.26 + 0.14 units for 
red, 1.59 + 0.12 for green, and 1.15 + 0.12 for blue-violet. 
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